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General Introduction

Determinants of HbA1c in non-diabetic children and adults

BACKGROUND

 

Glycated haemoglobin – HbA1c

About forty per cent of the human blood consists of erythrocytes. The major function of

erythrocytes is to transport haemoglobin, which in turn carries oxygen from the lungs to the tissues. 

Human adult haemoglobin (Hb) usually consists of HbA (adult haemoglobin, 97% of the total), HbA2 

(normal variant of haemoglobin A, 2.5%), and HbF (fetal haemoglobin, 0.5%). HbA is made up of 

four polypeptide chains, two α- and two β-chains. 

In 1958, Allen et al. reported that with cation-exchange chromatography human haemoglobin 

could be separated into at least three minor components that had more negative charges than 

HbA1. These minor haemoglobins, or also called “fast haemoglobins” (because they migrate more 

rapidly than HbA in an electrical field), were all named HbA1, and further defined as HbA1a, HbA1b, 

and HbA1c, in order of their elution from the column. All these types of HbA1 appeared to have a 

carbohydrate moiety (glucose or a derivative) attached to one of the globin chains. Carbohydrate 

may be attached to the N-terminal amino acid residue (valine) of the α- or β-chains, or to lysine 

residues within each chain2. The process of non-enzymatic addition of a sugar residue to amino 

groups of proteins is called glycation. And therefore, HbA1a, HbA1b, and HbA1c are collectively referred 

to as glycated haemoglobins. HbA1c is the major fraction, constituting approximately 80% of HbA1. 

In 1968, Rahbar et al reported an elevation of the minor haemoglobin fractions in patients with 

diabetes mellitus3. About eight years later, Koenig et al. demonstrated that the concentration of 

HbA1c was proportional to fasting blood glucose and glucose tolerance4. This crucial observation led 

to the use of HbA1c as a method of assessing diabetic control. 

HbA1c is formed in two stages (Figure 1)5. First, glucose combines with the α amino group of the 

valine residue at the N-terminus of β-chains to form an aldimine compound, also called Schiff base. 

This first reaction is reversible, and dissociation to native haemoglobin and glucose occurs readily. 

The second stage is the internal rearrangement of the aldimine intermediate by the Amadori 

reaction, which yields a stable ketoamine derivative, called HbA1c. This reaction is essentially 

irreversible.

Glycation of HbA begins during erythropoiesis and continues slowly throughout the lifespan of 

haemoglobin in the circulation. Because, erythrocytes are freely permeable to glucose, the level of 

HbA1c in a blood sample provides a glycaemic history of the previous 120 days, the average 

erythrocyte lifespan. 
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Figure 1: Reactions leading to the formation of HbA1c
2

Assay methods for the determination of HbA1c 

Short overview of most applied methods and their (dis)advantages, derived from a review of 

Weykamp et al.: A review of the challenge in measuring haemoglobin A1c
6. 

A broad range of assay methods has being developed since HbA1c was described in the late 

1960s. Two main difficulties regarding the accurate measurement of HbA1c are the large number of 

variant haemoglobins and glycohaemoglobins, and the fact that HbA1c is not a stand-alone 

analyte because its quantity is related to the total haemoglobin concentration. As a result of this 

latter, HbA1c should be expressed as a ratio, i.e. HbA1c / total haemoglobin, and this dual measurement 

causes dual uncertainty in het outcome of the test.

Roughly, there are two different methods for the measurement of HbA1c: methods based on 

difference in charge and methods based on structural difference. 

Ion-exchange chromatography, capillary electrophoresis, and isoelectric focusing are all based on 

the difference in electrical charge. At this moment, only the high-performance liquid chromatography 

(HPLC) is still in use. It is an efficient method; it meets the clinical requirements of reliability; and 

interpretation and does not suffer from interference by Schiff base or carbamylated haemoglobin. 
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Occasional problems with haemoglobin variants still exist, but the detection of these variants is also 

an advantage compared to methods based on structural difference. 

Affinity chromatography and immunochemical assays are the two main used methods based on 

structural difference. In which the latter is the one that is mostly applied. In immunochemical assays, 

antibodies targeted against the β N-terminal glycated tetrapeptide or hexapeptide group, are used 

to determine HbA1c levels. Advantages of this assay are that it is not affected by problems related to 

electrical charge and can be adapted easily in the routine medical laboratory. The major challenge 

for immunochemical tests is to achieve acceptable imprecision.

Worldwide standardization

Though the assay methods advanced during the years, it quickly became apparent that results from 

different laboratories gave widely different results, particularly if different assay methods were used. 

This led to several national initiatives for harmonisation and certification of the HbA1c assay. 

For example the National Glycoheamoglobin Standardisation Program (NGSP) in the USA based on 

the Diabetes Control and Complications Trial (DCCT) work, and standardization schemes in Japan 

and Sweden. But, though these efforts decreased the inter-laboratory variation in HbA1c considerably, 

due to the lack of real international standardization, HbA1c values still varied substantially nationally 

as well as internationally.  In 1995 the International Federation of Clinical Chemistry and Laboratory 

Medicine (IFCC) formed a study group to address this issue, called the IFCC WG HbA1c. This study 

group developed a true reference method to which all other assays can be anchored and 

standardized. In addition, regression equations were established between the IFCC method and het 

NGSP, Swedish and Japanese harmonized assays7. Because of the lack of specificity of the “old” three 

harmonization methods, the results of the IFCC reference method appeared to be lower than those 

obtained with the “old” assays. 

These lower numbers would have been confusing to patients and clinicians. In addition, the previous 

unit (%) was not aligned with the international system of measurement (SI). To overcome these two 

difficulties, the introduction of a new unit (mmol/mol) was proposed. In a consensus statement, the 

International Diabetes Federation, the American Diabetes Association and the European Association 

for the Study of Diabetes recommended that: HbA1c test results should be standardised worldwide, 

including the reference systems and results reporting; that the new IFCC reference system for HbA1c 

represents the only valid anchor to implement standardization of the measurement; and that the 

same HbA1c values should be reported worldwide, in both IFCC (mmol/mol) and DCCT units (%), 

using the IFCC-DCCT master equation to relate these two values8. 
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In the Netherlands, from April 2010 until January 2011, laboratories reported HbA1c values in DCCT 

percentages as well as the new IFCC values in mmol/mol. Since January 2011, laboratories should 

only report the “new” HbA1c values in mmol/mol. One can convert DCCT values to IFCC values with 

the equation: IFCC-HbA1c (mmol/mol) = (10.93 * DCCT-HbA1c (%)) – 23.5. To convert IFCC values to 

DCCT values the equation one should use is: DCCT-HbA1c (%) = (0.0915 * IFCC-HbA1c (mmol/mol)) 

+ 2.15.
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Normal distribution of HbA1c in non-diabetic adults

In 1989, Simon et al. reported the distribution of HbA1c in a large, healthy adult population. 

They found an approximately normal distribution of HbA1c with mean (SD) HbA1c of 5.03% (0.53) in 

men and a mean (SD) HbA1c of 5.07% (0.55) in women9. Gulliford et al. found a mean (SD) HbA1c of 

6.34% (0.85) in a general population of 9,772 non-diabetic, white European subjects aged 16 years 

and older10. Figure 2 displays the distribution of HbA1c in 2,921 non-diabetic Dutch adults from the 

LifeLines cohort study. In general, an HbA1c level below 6% is considered normal.

Figure 2: Distribution of HbA1c in 2,921 non-diabetic adults from the LifeLines cohort study.
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Determinants of HbA1c in non-diabetic humans

Blood glucose levels

Since erythrocytes are freely permeable to glucose, the rate of formation of HbA1c is directly 

proportional to the ambient glucose concentration. But because the traditional idea that HbA1c 

reflect the simple mean plasma glucose level during the previous 120 days raised questions, Tahara 

et al. analyzed the relationship between HbA1c and the preceding plasma glucose levels11. They 

showed that the rate of contribution of the preceding plasma glucose level to HbA1c depends on 

their time interval. In other words, the HbA1c level should be considered to reflect the weighted 

mean plasma glucose level in the preceding period.  Their results showed that 50% of the HbA1c was 

determined by the plasma glucose level during the preceding 1-month period, while 25% of its level 

was determined by the plasma glucose level during the 1 month period before this month, and the 

remaining 25% was determined by the plasma glucose level during the 2-month period before 

these 2 months. Thus, HbA1c levels reflect the weighted mean plasma glucose level over the 

preceding 4 months, with more recent values providing a larger contribution than earlier values.

Since HbA1c provides a retrospective index of the integrated plasma glucose values over an extended 

period of time, it has been firmly established as an index of long term glucose concentrations in 

patients with diabetes mellitus. But, despite its standing as the most validated and widely used 

measure for average glycaemic control over time, it is common to find discordance between HbA1c 

and other measures of glycaemic control in diabetes patients. 

Among 223 adults without diabetes, differences in glucose intolerance explained only one third of 

the variance found in glycated haemoglobin levels12. In addition, Van ‘t Riet et al. found only 

moderate correlations of glucose with HbA1c (correlation of 0.26 between fasting plasma glucose 

and HbA1c, and a correlation of 0.14 between 2-hour postload plasma glucose and HbA1c) in a 

population of 2,122 randomly selected non-diabetic adults aged 40-65 years13. These mismatches, 

between blood glucose monitoring data and HbA1c levels, also often seen in clinical practice, may 

imply that HbA1c and glucose partly reflect different processes, especially in the non-diabetic range 

of glucose tolerance. 

One hypothesis to explain the discordance of HbA1c from mean plasma glucose is the notion of a 

“haemoglobin glycation index”.  This concept denotes that individuals glycate haemoglobin proteins 

at different rates. Gould et al. described persistent differences between HbA1c and blood glucose in 

non-diabetic subjects and categorized these differences as “high glycator” and “low glycator” 

subsets14. Khera et al. tested the hypothesis that interindividual heterogeneity of the intracellular-

to-extracellular glucose ratio contributes to this “haemoglobin glycation index”. They confirmed the 

existence of a glucose gradient across the human erythrocyte membrane and demonstrated
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inter-individual heterogeneity in glucose gradients across the human erythrocyte membrane that 

may affect haemoglobin glycation15. 

Erythrocyte lifespan

Glycation of HbA begins during erythropoiesis and continues slowly throughout the lifespan of 

haemoglobin in the circulation. Consequently, erythrocyte lifespan determines the duration of 

exposure of haemoglobin to glucose, and thereby also determines HbA1c levels. Increased 

erythrocyte turnover, as observed in for example haemolytic anaemia, results in lower HbA1c levels16. 

On the contrary, several studies showed higher HbA1c levels in (diabetic as well as non-diabetic) 

patients with iron deficiency anaemia17,18. Cohen et al. concluded from their study that erythrocyte 

survival varies sufficiently among haematologically normal persons to cause clinically important 

differences in HbA1c
19. Koga et al. examined the relationship between erythrocyte indices and HbA1c 

in pre- and post-menopausal women20. In pre-menopausal women, stepwise multivariate regression 

analysis demonstrated that of the erythrocyte indices MCH was negatively associated with HbA1c. 

No significant association was found between any of the erythrocyte indices and HbA1c in the post-

menopausal women. Certainly, HbA1c is influenced by factors associated with the lifespan of 

erythrocytes but more studies are needed to investigate the mechanisms through which erythrocyte 

indices influence HbA1c levels. 

Besides erythrocyte lifespan, a clear clinical variable that determines HbA1c, there are also erythrocyte 

related analytical variables that may influence the measurement of HbA1c levels. Most important are 

the haemoglobin variants that can cause spuriously HbA1c levels with some assay methods. The 

effect of these haemoglobin variants, such as HbF, HbS and HbC, depends on the specific method of 

analysis; results may be falsely increased or decreased21. 

Other determinants of HbA1c 

Besides blood glucose levels and erythrocyte lifespan, there are several other variables that have 

shown to influence HbA1c levels, in non-diabetic adults and children, but some studies showed 

contradictory results.
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Age and gender

Pani et al examined whether HbA1c was associated with age in non-diabetic persons. They stated 

that their results establish clearly that HbA1c increases with age, even after multivariate adjustments 

for sex, fasting, and 2-hour postload glucose and suggested that non-glycaemic factors may 

contribute to the relationship of HbA1c with age22. Other studies confirm the positive association 

between age and HbA1c in adults23,24 and children25,26, though the difference found in HbA1c levels 

between children of different age are very small. 

Faerch et al. and Gulliford et al. both found somewhat higher levels of HbA1c in men compared to 

women10,27, but other studies found no sex-related differences in HbA1c
9,28. In children, most studies 

found higher HbA1c levels in boys compared to girls, though again the differences are (very) 

small25,26,29.

Ethnicity

Race- and ethnicity related differences in HbA1c have been described30. Ziemer et al. found higher 

HbA1c levels in black persons than in white persons across the full spectrum of glycaemia after 

adjustments for plasma glucose and other characteristics known to correlate with HbA1c levels31. 

And also subjects of South Asian origin showed to have higher HbA1c levels than white subjects 

independent of fasting and postprandial glycaemia on OGTT32.  These ethnic differences in HbA1c 

are confirmed in studies to determinants of HbA1c in non-diabetic children25,29.

Overweight/obesity

Body mass index (BMI) is acknowledged as an important risk factor for diabetes, with higher BMI 

causing insulin resistance and thereby higher levels of glycaemia. Consequently, a positive 

association between BMI and HbA1c can be expected. Simon et al. a found higher level of HbA1c in 

obese persons (defined as BMI > 28 kmg/m2), but after adjustment for age, the relation between 

(deciles of ) BMI and HbA1c was no longer significant9. Modan et al. found no significant correlation 

between BMI and HbA1c
28, but in contrast, in the study of Gulliford et al. on determinants of HbA1c in 

the general population, HbA1c increased with increasing BMI and with increasing waist-hip 

circumference ratio10. And also Boeing et al. found greater obesity to be related with higher HbA1c 

levels33. In children, several studies found a positive relation between measures of obesity and 

HbA1c
25,29,34, surprisingly Shultis et al. found suggestive evidence of inverse associations between 

body size and body composition and HbA1c
26.
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Dietary intake and physical activity

High energy and energy-adjusted saturated fat intakes were associated with increased risk of being 

in the highest tertile of HbA1c, and alcohol, vitamin C, and vitamin E intakes were inversely related to 

this risk, in a study of Boeing et al. in which the association of diet and other lifestyle factors with 

HbA1c was examined in a non-diabetic adult population33. Also Harding et al. found independent 

associations between HbA1c concentration across the normal range of HbA1c and both total fat 

intake and the pattern of dietary fat intake35. In contrast, Modan et al. found no correlation between 

the intake of any specific food component and HbA1c
28. Metabolic studies in humans suggest that 

increased saturated fat consumption may increase insulin secretion and possibly lead to insulin 

insensitivity36. The resulting higher levels of glycaemia could explain the relation with higher HbA1c 

values. There are two proposed mechanisms for the observed inverse association between vitamin 

C and HbA1c: competition of the ascorbic acid and dehydroascorbic acid with glucose for the reaction 

with the protein amino group, thereby inhibiting glycation37 or the anti-oxidant properties of 

vitamin C38. To our knowledge, the association of dietary factors with HbA1c has not been investigated 

in children yet. 

Also the level of physical activity is known to influence insulin resistance39, and thereby possibly may 

influence HbA1c. Gulliford et al. found a 0.180% lower HbA1c in participants who were vigorously 

active compared with the inactive participants, and HbA1c gradually decreases with increasing level 

of physically activity (analyses adjusted for possible confounders, e.g. BMI)10. But other studies found 

no association between level of physical activity and HbA1c
28,33. Owen et al. examined the association 

between objectively measured level of physical activity and cardiometabolic risk factors (including 

HbA1c) in 2,049 primary school children from the United Kingdom40. They found only a weak inverse 

association between levels of physical activity and HbA1c, but this relation was no longer significant 

after adjustment for sum of skinfold thicknesses.

Smoking and alcohol consumption

A negative association between alcohol consumption and HbA1c has been found in at least three 

studies regarding the association between alcohol consumption and HbA1c
10,33,41. In contrast, Meyer 

et al. could not confirm these findings in their study to the relations of alcohol patterns with HbA1c 

in non-diabetic men42.  Several studies have documented that smoking is associated with higher 

HbA1c levels10,28,43,44, but Koga et al. found no association between smoking and HbA1c levels45. 

Glycotoxins found in cigarette smoke may induce the higher rate of glycation of HbA46 or the relative 

higher tissue hypoxia47 can explain increased HbA1c levels in smokers48. 
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Genetic factors

The heritability of HbA1c nears 40% in the general population49 and 60% in twin studies50. Two 

genome-wide association studies identified fifteen different single nucleotide polymorphisms 

(SNPs) to associate with HbA1c in non-diabetic adults. Soranzo et al. identified ten genetic loci 

reproducibly associated with HbA1c in up to 46,368 non-diabetic adults of European descent, from 

23 genome-wide association studies (GWAS) and 8 cohorts with de novo genotyped SNPs51. Paré et 

al. performed a GWAS that evaluated 337,343 SNPs in 14,618 non-diabetic female individuals and 

identified four loci being significantly and independently associated with HbA1c
52. 

The physiological mechanisms through which these genetic loci regulate HbA1c levels remain 

unclear. Some SNPs are considered to modulate glycaemic physiology53, while others are supposed 

to regulate non-glycaemic factors like red blood cell function54. Thus, despite the lack of knowledge 

about the exact way the identified SNPs act on HbA1c, it is clear that also genetic factors determine 

HbA1c.

Distribution and determinants of HbA1c in non-diabetic children

Not until 2002 normal ranges for non-diabetic children were established. Saaddine et al. investigated 

the distribution of HbA1c in a nationally representative sample of U.S. children, adolescents and 

young adults aged 5-24 years and found a mean (SD) HbA1c level of 4.99% (0.50)29. Additionally, 

Pettitt et al. established the normal distribution for HbA1c in 400 non-diabetic children aged 11-14 

years. In this population, HbA1c was fairly normally distributed with a mean (SD) HbA1c of 4.77% 

(0.39)34. And Shultis et al. found a mean (SD) HbA1c of 4.91% (029) in a population of 1,645 non-

diabetic children aged 9-11 years26. Data on the distribution of HbA1c in infants are missing. This is of 

special interest because in the first year of life important changes in haemoglobin synthesis take 

place. Studies to determinants of HbA1c in children found largely the same variables to be associated 

with HbA1c as in adults. However, several potential determinants, like growth and early-life, parental 

and lifestyle factors, have not been investigated thoroughly in children yet.

The use of HbA1c for diagnosing diabetes

HbA1c has been firmly established as an index of long term glucose concentrations and as a measure 

of the risk for the development of complications in patients with diabetes mellitus. Recently, an 

international expert committee recommended using HbA1c also as indicator for the diagnosis of 

diabetes55. 

This committee, with members appointed by the American Diabetes Association, the European 

Association for the Study of Diabetes, and the International Diabetes Federation, pointed out that 

HbA1c: is better standardized compared to glucose measurements; is a better index of overall 
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glycaemic exposure and risk for long-term complications; has substantially less biologic variability 

and preanalytic instability; needs no fasting or timed samples; is relatively unaffected by acute (e.g. 

stress or illness related) perturbations in glucose levels; and is already used to guide management 

and adjust therapy. But, they also recognize the limitations of HbA1c as the recommended means of 

diagnosing diabetes, e.g. higher costs of the assay compared to glucose measurements, the 

inference of some haemoglobin traits (such as HbS, HbC and HbF) with some HbA1c assay methods, 

the influence of any condition that changes red cell turnover (such a haemolytic anaemia and 

chronic malaria) on HbA1c levels and the effect of age and ethnicity on HbA1c levels. Despite these 

limitations, they stated that the ultimate goal of identifying individuals at risk for diabetes 

complications will be accomplished with an HbA1c diagnostic level of 6.5%.

AIMS AND OUTLINE 

In the near future, HbA1c might increasingly be used as a diagnostic test for diabetes55 and it is also 

proposed to translate HbA1c to an estimated average glucose value56. Consequently, an increased 

use and also a different way of using HbA1c can be expected. In addition, several studies have shown 

an association between HbA1c and cardiovascular risk in people without diabetes57,58 and it is known 

that cardiovascular risk accumulates over the life course. 

Therefore, it is important to: 

1. get better insight in the normal distribution of HbA1c in non-diabetic children of all ages; 

2. increase the knowledge about all the factors, environmental as well as genetic, determining HbA1c 

in non-diabetic persons from childhood onwards; 

3. learn more about the way these factors act on HbA1c levels. Identifying environmental factors and 

genetic loci associated with HbA1c, will give further insight in the relative contribution of the different 

factors, glycaemic vs. non-glycaemic and environmental vs. genetic, to HbA1c levels in non-diabetic 

persons. 

The main aim of this thesis is to investigate determinants of HbA1c in non-diabetic children and 

adults. 

Chapter 2 presents the distribution of HbA1c in 8-12 month-old non-diabetic infants from the 

GECKO-Drenthe birth cohort study and potential predictors of HbA1c in this age group.

In chapter 3 the distribution of HbA1c in non-diabetic Dutch children aged 8-9 years is provided as 

well as early-life, parental and lifestyle determinants of HbA1c at this age.
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Chapter 4 presents the associations of (lifestyle) determinants with HbA1c at age 12 years and the 

effects of growth on change in HbA1c between the age of 8 and 12 years. For chapter 3 and chapter 

4 we used data from the PIAMA birth cohort study.

Chapter 5 provides the associations of “environmental” factors, genetic loci, and gene-environment 

interactions with HbA1c in non-diabetic Dutch adults from the LifeLines cohort study.

Chapter 6 comprises the general discussion in which I show that HbA1c is not suitable for diagnosing 

diabetes.

Obesity is acknowledged as an important determinant of insulin resistance and thereby higher 

levels of glycaemia and HbA1c, also in children. There is only limited evidence on risk factors and 

treatment of obesity in children. Chapter 7 and chapter 8 are two supplemental chapters concerning 

childhood obesity.  

Chapter 7 covers a summary of the results of a Cochrane review we conducted to assess the efficacy 

of a range of interventions designed to treat obesity in children and adolescents.

Chapter 8 provides the results of our study to energy intake and physical activity during treatment 

for acute lymphoblastic leukaemia (ALL) with intermittent dexamethasone (DEXA), to explain the 

weight gain seen in children treated for ALL.
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ABSTRACT

Objective: An international committee of experts recommended using HbA1c for diagnostic testing 

for diabetes. Little is known about normal values of HbA1c in infants. The aim of this study is to 

describe the distribution of HbA1c in 8- to 12-month-old non-diabetic infants.

Research design and methods: HbA1c was measured in 86 infants participating in the Groningen 

Expert Center for Kids with Obesity (GECKO)-Drenthe birth cohort study. Anthropometric 

measurements were performed at Well Baby Clinics. Data on parents and children were collected 

prospectively using questionnaires.

Results: HbA1c was normally distributed with a mean (SD) HbA1c level of 5.38% (0.24), range 4.8–

6.0% or 35.29 mmol/mol (2.65), range 29.1–42.1 mmol/mol. Age, sex, birth weight, duration of 

breastfeeding, anthropometric measurements, and maternal BMI were not associated with HbA1c.

Conclusions: We found a normal distribution of HbA1c with a relatively high mean HbA1c   of 5.38%. 

No significant association between risk factors for type 2 diabetes and HbA1c levels was found.
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BACKGROUND

An international  committee of experts recommended using HbA1c as an indicator for diagnosing 

diabetes, and, with the prevalence of type 2 diabetes rising, an increase in use of HbA1c can be 

expected1. Accordingly, reference levels for HbA1c will need to be developed for all age groups. 

This study’s aim is to describe the distribution of HbA1c in non-diabetic infants aged 8–12 months, 

and to investigate predictors of HbA1c.

RESEARCH DESIGN AND METHODS

The study population consisted of 86 Dutch infants participating in the Groningen Expert Center 

for Kids with Obesity (GECKO)-Drenthe study. This population-based birth cohort study within the 

GECKO was designed to examine risk factors for developing childhood obesity2. A random subgroup 

(N = 100) of this study population, aged about 8 months, was invited to participate in the current 

study. Eighty-seven parents agreed to participate, and in eighty-six infants, an HbA1c value could 

be assessed. This study was approved by the Medical Ethics Committee of the University Medical 

Center Groningen.

HbA1c was measured in a capillary blood sample using a turbidimetric inhibition immunoassay 

on a Cobas Integra 800 CTS analyzer (Roche Diagnostics, Nederland BV, Almere, the Netherlands). 

This method has been standardized against the reference method of the International Federation 

of Clinical Chemistry and Laboratory Medicine (IFCC). Results (mmol HbA1c/mol Hb) were 

converted to units (% HbA1c) traceable to the Diabetes Control and Complications Trial/National 

Glycohemoglobin Standardization Program (DCCT/NGSP) using the Roche master-equation. 

Between-batch imprecision (coefficient of variation) was 2.1% for a mean HbA1c of 5.5% and 1.9% 

for a mean HbA1c of 10.6%. 

Anthropometric measurements were performed by trained staff at Well Baby Clinics2. Forty-eight 

percent of the infants did not visit the Well Baby Clinic within 2 weeks around blood sampling. 

For these infants, weight, length, and waist circumference were determined by linear interpolation. 

Weight, waist circumference, and weight-for-length z-scores were calculated using Growth Analyzer 

3.5 (Growth Analyzer B.V., Rotterdam, the Netherlands), based on Dutch reference values3,4. Growth 

velocity was defined as increase in weight between birth and time of blood sampling, in grams per 

week. Data on gestational age, birth weight, infant feeding, gestational diabetes, maternal BMI, and 

parental educational level were obtained through questionnaires, and missing data was obtained 

from Well Baby Clinic files. Small for gestational age (SGA) and large for gestational age (LGA) were 

37972_SOV-Proefschrift-hfdst.1.indd   27 27-05-2011   09:49:28



Chapter 2
The GECKO-Drenthe birth cohort study

Determinants of HbA1c in non-diabetic children and adults

defined as birth weight below the 10th percentile and above the 90th percentile, respectively, for 

gestational age compared with Dutch reference values by parity and sex5.

We used ANOVA to test for differences in mean HbA1c between groups and linear regression to test 

the relationship between continuous variables and HbA1c. For all analyses, a level of significance 

of P< 0.05 was applied. Statistical analyses were performed using SPSS 16.0 for Windows (SPSS, 

Chicago, IL).

RESULTS

Of the 86 infants included, 43 were girls and 43 were boys, with a mean (SD) age of 9.42 months 

(1.14). Mean (SD) HbA1c was 5.38% (0.24), range was 4.8–6.0%, with a skewness (SE) of 0.215 (0.260) 

and a kurtosis (SE) of -0.004 (0.514). According to IFCC values, mean (SD) HbA1c was 35.29 mmol/mol 

(2.65), range 29.1–42.1 mmol/mol (Figure 1).

HbA1c was unrelated to age or sex. Birth weight, growth velocity, anthropometric measurements, 

duration of breastfeeding, gestational diabetes, maternal BMI, and parental educational level were 

all unassociated with HbA1c. HbA1c did not differ between infants born SGA and infants not born 

SGA, or between infants born LGA and those not born LGA.

Figure 1. Distribution of HbA1c in infants aged 8-12 months. Mean (SD) = 5.38 (0.24) % or 35.29 (2.65) mmol/mol
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CONCLUSIONS

In this non-diabetic infant population, aged 8–12 months, HbA1c was normally distributed, with a 

mean (SD) HbA1c of 5.38% (0.24), range 4.8–6.0%.

The mean HbA1c of 5.38% observed in the current study is higher than that found by studies in 

adults and older children6,9. Because HbA1c below 6% is considered normal, the clinical relevance of 

the difference between an HbA1c level of 4.9% seen in adults and children, com- pared with 5.4% 

in our study population, is arguable. However, because the rate of formation of HbA1c is directly 

proportional to ambient glucose concentration, our results could indicate higher glucose levels in 8- 

to 12-month-old infants. The predominant fuel for human cells is glucose, and survival of the brain 

depends on a continuous supply, yet the brain cannot synthesize glucose nor store more than a 

few minutes supply as glycogen. The infant brain is large relative to body mass and, especially in this 

period, rapid brain growth and differentiation takes place. To meet the high demand for glucose, the 

rate of glucose production in infants and young children is two to three times that of older children 

and mature adults10. This high demand for glucose by the brain and the subsequent higher rate of 

glucose production might explain the higher HbA1c levels 

observed in this study. Another explanation for the relatively high HbA1c levels might be the 

higher percentage of infant fat mass compared with older children; fat mass is known to be positively 

related to insulin resistance11,12. Unfortunately, glucose and insulin levels were not assessed, so we 

could not test these hypotheses.

At birth, between 55 and 65% of total hemoglobin synthesis consists of HbF. After birth, 

the production of the γ-chain declines to values of <5% by the age of 6 months; normal adult HbF 

values of <1% are usually reached by age 1 year13. Because our study population’s age ranged 

from 8.1–12.3 months, somewhat higher levels of HbF might be expected. Glycated HbF is not 

detected by the turbidimetric inhibition immunoassay we used; HbF, however, is included in total 

hemoglobin determination. Because HbA1c is expressed as a proportion, infants with high amounts 

of HbF (<10%) may have lower than expected HbA1c values14. However, this does not explain the 

relatively high HbA1c levels found in our study.

The life span of a fetal erythrocyte is approximately 60–80 days, and the life span of erythrocytes 

in infants is still less than the 120-day life span of erythrocytes in adults15. A shorter life span for 

erythrocytes should show lower HbA1c levels instead of the higher levels we found. To our knowledge, 

this is the first study describing the distribution of HbA1c in non-diabetic infants. Compared with 

known HbA1c levels in older children, we found a relatively high mean HbA1c of 5.38%. No significant 

association between known risk factors for type 2 diabetes and HbA1c  was found.

37972_SOV-Proefschrift-hfdst.1.indd   29 27-05-2011   09:49:28



Chapter 2
The GECKO-Drenthe birth cohort study

Determinants of HbA1c in non-diabetic children and adults

ACKNOWLEDGMENTS

The authors are indebted to the children and their parents for their cooperation. The authors thank 

Ulf Ekelund and his team at the MRC Epidemiology Unit, Institute of Metabolic Science Cambridge, 

United Kingdom, for supportive collaboration.

37972_SOV-Proefschrift-hfdst.1.indd   30 27-05-2011   09:49:28



30 - 31

Determinants of HbA1c in non-diabetic children and adultsDeterminants of HbA1c in non-diabetic children and adults

References 

1 International Expert Committee. International Expert Committee report on the role of the A1C assay in the diagnosis of   
 diabetes. Diabetes Care 2009 Jul;32(7):1327-1334. 
2 L’Abee C, Sauer PJ, Damen M, Rake JP, Cats H, Stolk RP. Cohort Profile: the GECKO Drenthe study, overweight programming  
 during early childhood. Int J Epidemiol 2008 Jun;37(3):486-489. 
3 Fredriks AM, van Buuren S, Burgmeijer RJ, Meulmeester JF, Beuker RJ, Brugman E, et al. Continuing positive secular growth  
 change in The Netherlands 1955-1997. Pediatr Res 2000 Mar;47(3):316-323. 
4 Fredriks AM, van Buuren S, Fekkes M, Verloove-Vanhorick SP, Wit JM. Are age references for waist circumference, hip   
 circumference and waist-hip ratio in Dutch children useful in clinical practice? Eur J Pediatr 2005 Apr;164(4):216-222. 
5 Visser GH, Eilers PH, Elferink-Stinkens PM, Merkus HM, Wit JM. New Dutch reference curves for birthweight by gestational  
 age. Early Hum Dev 2009 Dec;85(12):737-744. 
6 Simon D, Senan C, Garnier P, Saint-Paul M, Papoz L. Epidemiological features of glycated haemoglobin A1c-distribution in  
 a healthy population. The Telecom Study. Diabetologia 1989 12;32(0012-186; 12):864-869. 
7 Jansen H, Wijga AH, Smit HA, Scholtens S, Kerkhof M, Koppelman GH, et al. HbA(1c) levels in non-diabetic Dutch children  
 aged 8-9 years: the PIAMA birth cohort study. Diabet Med 2009 Feb;26(2):122-127. 
8 Pettitt DJ, Giammattei J, Wollitzer AO, Jovanovic L. Glycohemoglobin (A1C) distribution in school children: results from a  
 school-based screening program. Diabetes Res Clin Pract 2004 07;65(1):45-49. 
9 Saaddine JB, Fagot-Campagna A, Rolka D, Narayan KM, Geiss L, Eberhardt M, et al. Distribution of HbA(1c) levels for   
 children and young adults in the U.S.: Third National Health and Nutrition Examination Survey. Diabetes Care 2002   
 08;25(8):1326-1330. 
10 Bier DM, Leake RD, Haymond MW, Arnold KJ, Gruenke LD, Sperling MA, et al. Measurement of “true” glucose production  
 rates in infancy and childhood with 6,6-dideuteroglucose. Diabetes 1977 Nov;26(11):1016-1023. 
11 Fomon SJ, Haschke F, Ziegler EE, Nelson SE. Body composition of reference children from birth to age 10 years. Am J Clin  
 Nutr 1982 May;35(5 Suppl):1169-1175. 
12 Goran MI, Bergman RN, Gower BA. Influence of total vs. visceral fat on insulin action and secretion in African American and  
 white children. Obes Res 2001 08;9(8):423-431. 
13 Bard H. The postnatal decline of hemoglobin F synthesis in normal full-term infants. J Clin Invest 1975 Feb;55(2):395-398. 
14 Rohlfing CL, Connolly SM, England JD, Hanson SE, Moellering CM, Bachelder JR, et al. The effect of elevated fetal   
 hemoglobin on hemoglobin A1c results: five common hemoglobin A1c methods compared with the IFCC reference   
 method. Am J Clin Pathol 2008 May;129(5):811-814. 
15 Fomon SJ, Serfass RE, Nelson SE, Rogers RR, Frantz JA. Time course of and effect of dietary iron level on iron incorporation  
 into erythrocytes by infants. J Nutr 2000 Mar;130(3):541-545. 

37972_SOV-Proefschrift-hfdst.1.indd   31 27-05-2011   09:49:29



37972_SOV-Proefschrift-hfdst.1.indd   32 27-05-2011   09:49:29



 

Chapter 3

HbA1c levels in non-diabetic Dutch children aged 8-9 years
The PIAMA birth cohort study

Diabet Med. 2009 Feb;26(2):122-7.

H. Jansen
A.H. Wijga
H.A. Smit

S. Scholtens
M. Kerkhof

G.H. Koppelman
J.C. de Jongste

R.P. Stolk

32 - 33

Determinants of HbA1c in non-diabetic children and adults

37972_SOV-Proefschrift-hfdst.1.indd   33 27-05-2011   09:49:31



Chapter 3
The PIAMA birth cohort study

Determinants of HbA1c in non-diabetic children and adults

ABSTRACT

Aim: Glycated haemoglobin (HbA1c) is considered the best index of glycaemic control in established 

diabetes. It may also be useful in the diagnosis of diabetes and as a screening tool. Little is known 

about the distribution of HbA1c in healthy children and its predictors. The aim of this study is to 

describe the distribution of HbA1c in non-diabetic Dutch children aged 8–9 years and to investigate 

potential associations of HbA1c in this group.

Methods: HbA1c was measured in 788 non-diabetic children aged 8–9 years participating in 

the PIAMA birth cohort study. Data on parents and children were collected prospectively by 

questionnaires. Weight, height and waist and hip circumference of the children were measured 

when blood samples were taken.

Results: Mean (± SD) HbA1c was 4.9 ± 0.33%, range 3.5–6.0%. HbA1c was significantly higher in boys 

(4.9 ± 0.31 vs. 4.9 ± 0.33%) and in children of mothers with gestational diabetes (5.0 ± 0.37 vs. 4.9 

± 0.32%). We found a significant inverse association between HbA1c and   haemoglobin (regression 

coefficient: −0.169 (95% CI −0.221 to −0.118), P < 0.001). HbA1c was not significantly associated with 

age, body mass index, waist circumference, parental diabetes or maternal body mass index.

Conclusions: We found no significant relation between known risk factors for Type 2 diabetes and 

HbA1c at age 8–9 years. Moreover, there was a significant inverse association between haemoglobin 

and HbA1c. These results suggest that HbA1c may not only reflect the preceding blood glucose levels, 

but seems to be determined by other factors as well.
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INTRODUCTION

Glycated haemoglobin (HbA1c) is currently considered the best index of glycaemic control for diabetic 

patients1. The level of HbA1c is associated with the development and progression of microvascular 

complications2 and with mortality in adults3,4. In addition, HbA1c may be useful in the diagnosis of 

diabetes5 and as a screening tool for detecting Type 2 diabetes in adults6,7 and in children8. Compared 

with the oral glucose tolerance test, HbA1c measurement is quicker and can be performed at any 

time of the day. Moreover, the consensus statement on the worldwide standardization of HbA1c 

measurement of the Consensus Committee of the American Diabetes Association will contribute 

to worldwide comparability of HbA1c results9. With the rapid increase in incidence and prevalence 

of diabetes, there will be an accompanying increased use of HbA1c measurements in adults and in 

children. Therefore, it is important to develop reference levels and standards for HbA1c for adults and 

children.

The normal distribution for HbA1c for adults has been described and standardized by Simon et al.10. 

They found, in a population of 3240 healthy adults aged 40.2 ± 11.8 years, an approximately normal 

distribution of HbA1c, with a slight difference between mean and median values at all ages in both 

sexes. There was no difference in mean HbA1c according to gender: 5.0 ± 0.53% in men vs. 5.1 ± 

0.55% in women. HbA1c increased with deterioration of glucose tolerance and with all the known 

risk factors for diabetes (e.g. age, obesity and family history of diabetes). This study indicates that 

HbA1c in adults is influenced only by factors closely linked to diabetes.

Although the normal distribution for HbA1c has been described for adults, less is known about 

the distribution of HbA1c in healthy children, particularly in those younger than 10 years. With the 

expected future increase in use of HbA1c, it is important to develop reference levels and standards 

for HbA1c. Moreover, HbA1c could be an alternative measure to investigate early life and childhood 

determinants of impaired glucose tolerance and Type 2 diabetes in children. Therefore, the aim of 

this study is to describe the distribution of HbA1c in a large population of Dutch children aged 8–9 

years without diabetes mellitus and to investigate associations of HbA1c in this group.

METHODS

The study population consisted of 788 Dutch children born in the years 1996–1997 who participated 

in the Prevention and Incidence of Asthma and Mite Allergy (PIAMA) birth cohort study. Details of 

the study design have been published previously11. Recruitment took place in the years 1996–1997. 

A screening questionnaire on maternal allergy12 was distributed to 10 232 pregnant women visiting 
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one of 52 antenatal clinics in three different regions in the Netherlands (North, Central, West). Based 

on this screening, 7862 women were invited to participate in the study; 4146 agreed and gave 

written informed consent. Of those, 183 participants were lost to follow-up before any data on the 

child had been obtained, so that the study began with 3963 newborn children. Questionnaires were 

sent to the participating parents during pregnancy, at 3 months and yearly from 1 to 8 years of age. 

At 8 years of age, a subgroup of the study population (n = 1554), consisting of all children of allergic 

mothers (n = 988) and a random sample of the children of non-allergic mothers (n = 566), was invited 

for a hospital-based medical examination where a blood sample was taken and bronchial hyper-

responsiveness was determined. From 1060 children an EDTA blood sample was taken. Parents of 

845 children gave informed consent to store plasma, erythrocytes and buffy coat for later analysis 

of parameters other than the asthma-related parameters. Parents of 826 children eventually gave 

written informed consent for the measurement of HbA1c in the stored blood samples. Of these 826 

samples, in 790 an HbA1c value could be assessed. Two children with Type 1 diabetes were excluded 

from the current analyses. 

For HbA1c analysis, erythrocytes were stored at −20°C between 33 and 322 days prior to assay. A 5-μl 

cell mass was lysated and HbA1c was measured by ion-exchange chromato- graphy using the HA-

8140 Hi-Auto HbA1c analyser (Menarini Diagnostics Benelux,  Valkenswaard, The  Netherlands). This 

analyser was standardized on Diabetes Control and Complications Trial (DCCT) standards. Between-

batch imprecision (coefficient of variation) was 1.5% for a mean HbA1c of 6.0% and 2.0% for a mean 

HbA1c of 10.7%. 

During the medical examination of the 8-year-olds, children were weighed and measured in their 

underwear. Weight was measured to 0.1 kg and height to 0.1 cm by trained research staff using 

calibrated measuring equipment. Body mass index (BMI) was calculated as weight/height squared 

(kg/m2). ‘Overweight’ and ‘obesity’ were defined according to age- and gender-specific international 

standards13. We use the term ‘overweight’ for the group of children who are overweight but not 

obese. Waist circumference, to the nearest 0.1 cm, was measured midway between the lowest rib 

and the top of the iliac crest at the end of gentle expiration with a measuring tape. Hip circumference, 

to the nearest 0.1 cm, was measured at the greater trochanter. Waist and hip circumference were 

measured twice and the mean of the two measurements was used in the analysis. 

Birthweight data were obtained from the questionnaire sent to the participating parents 3 months 

after birth. Infant feeding data were collected by questionnaires at age 3 months and 1 year. These 

data were used to derive a variable categorized as never breastfed, less than 16 weeks breastfed and 

more than 16 weeks breastfed. Data on ethnicity of each parent (born in the Netherlands and of Dutch 

ethnicity, born in another Western country and of Dutch or another Western ethnicity, not born in 

a Western country or of non-Western ethnicity), educational level of each parent (three categories: 
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low, intermediate and high), maternal BMI and parental diabetes were obtained by questionnaire. 

Parental educational level was defined as the highest educational level of father or mother. Data 

on lifestyle of the children, such as eating behaviour and hours spent watching television, were 

obtained from questionnaires sent to and filled out by the parents around the child’s 8th birthday.

From the answers to the questions about eating behaviour, the variable ‘snack score’ was calculated. 

Parents answered questions about the frequency certain food and drink products were used, such 

as sweets and confectionery, fried snacks and soft drinks (there were five categories: never, less than 

once a week, on 1–2 days per week, on 3–5 days per week or on 6–7 days per week). All products 

were scored by a dietician on the basis of their average nutritional value (kcal) per portion, based on 

the average consumption of different types of the product, for example, diet and non-diet, in this 

age group. Thus, for each child, a snack score (kcal per week) was calculated.

Statistical methods

We used Student’s t-test and one-way ANOVA to test for differences in mean HbA1c between groups. 

Differences in HbA1c between groups, adjusted for duration of sample storage, age and gender, 

were tested with ANCOVA. The relation between HbA1c and continuous variables was tested with 

linear regression, with and without adjusting for duration of sample storage, age and gender. For 

all analyses, a level of significance of P < 0.05 was applied. All analyses were performed with SPSS 

version 14.0 (SPSS Inc., Chicago, IL, USA).

At 8 years of age, a subgroup of the study population, consisting of all children of allergic mothers and 

a random sample of the children of non-allergic mothers, was invited for a hospital-based medical 

examination. Therefore, offspring of allergic mothers were over-represented in our population. We 

repeated all analyses in the two different groups: the offspring of allergic mothers and the offspring 

of non-allergic mothers.

RESULTS

Characteristics of the study population are described in Table 1. Figure 1 displays the distribution of 

HbA1c in the whole study population. Mean (± SD) HbA1c was 4.9 ± 0.33% (range 3.5–6.0%). 

None of the children had an HbA1c > 6.0%. HbA1c was higher in boys compared with girls (Table 2). 

In addition, HbA1c was higher in children classified as obese compared with children classified as 

normal weight and overweight, although this was not statistically significant. HbA1c was significantly 

higher in children from the Northern region compared with children from the West and Central 

regions. Moreover, HbA1c was significantly higher in the offspring of mothers with gestational 
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diabetes compared with the offspring of mothers without gestational diabetes.

HbA1c was higher in the offspring of obese mothers and in children watching television for more than 

2 h per day, although these differences were not significant. HbA1c was not different between the 

children of parents with different educational levels. Of the 788 children, 733 (94.6%), 17 (2.2%) and 

25 (3.2%) were of Dutch, Western and non-Western ethnicity, respectively. We found no differences 

in HbA1c between these groups (data not shown).

We found a significant relation between HbA1c and the duration of sample storage. 

HbA1c decreased by 0.001% (−0.001 to 0.000%) per day storage (P < 0.001). Mean HbA1c values, after 

adjusting for duration of sample storage, age and gender, are given in Table 2. Most differences 

listed above remained. In addition, we found a lower mean (± SD) HbA1c in children who are not a 

member of a sports club (4.8 ± 0.31%) compared with children who are a member of a sports club 

(4.9 ± 0.32%). However, this finding could arise by chance.
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Figure 1. Distribution of glycated haemoglobin (HbA1c). Mean (± standard deviation) = 4.9 ± 0.33 %

We found a significant association between HbA1c and haemoglobin, with a 0.169% (95% CI −0.221 

to −0.118) decrease in HbA1c (%) per mmol/l haemoglobin (adjusted for duration of sample storage, 

age and gender) (P < 0.001).

We found no significant association between HbA1c and age in this population of children aged 8–9 

years. There was also no significant association between the continuous variables of birthweight, 

anthropometric measures at 8 years (BMI, waist and hip circumference and waist–hip ratio), maternal 

BMI or snack score and HbA1c (P > 0.10).

Because offspring of allergic mothers were over-represented in our population, we repeated all analyses 
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in the offspring of allergic and non-allergic mothers separately. The results were similar in both groups.

Mean (SD) n (%)

HbA1c (%) 4.9 ± 0.33

Haemoglobin (mmol/l) 7.9 ± 0.44

Sample storage (months) 5.9 ± 1.87

Age (years) 8.1 ± 0.28

Gender: Girl (%) 387 (49.1)

Birth weight (kg) 3.52 ± 0.53

Breastfeeding

      0 weeks 113 (15.2)

      < 16 weeks 311 (42.0)

      ≥ 16 weeks 317 (42.8)

BMI (kg/m2) 16.3 ± 1.89

BMI 

      Normal 683 (86.7)

      Overweight 89 (11.3)

      Obese 16 (2.0)

Waist–hip ratio 0.87 ± 0.04

Region

     North 295 (37.4)

     West 196 (24.9)

     Central 297 (37.7)

Parental educational level 

      Low 90 (11.4)

      Intermediate 277 (35.2)

      High 420 (53.4)

Maternal BMI (kg/m2) 23.4 ± 3.63

Parental diabetes: 21 (2.7)

Gestational diabetes: 24 (3.1)

Snack score (kcal/wk) 1699 ± 611

Member of a sports club: 643 (87.5)

Time watching TV > 2 h: 55 (7.5)

Time playing outside > 3times/week: 515 (69.9)

Abbreviations: BMI, body mass index; HbA1c, glycated haemoglobin; SD, standard deviation

Table I. Characteristics of the study population
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TableII. Clinical characteristics and HbA1c values

HbA1c

Crude mean SD Adjusted mean† SD

Gender

      Girls 4.9 0.34 4.9 0.33

      Boys 4.9 0.31  4.9* 0.31

Breastfeeding

      0 weeks 4.8 0.33 4.8 0.34

      < 16 weeks 4.9 0.32 4.9 0.31

      ≥ 16 weeks 4.9 0.33 4.9 0.32

BMI

      Normal 4.9 0.32 4.9 0.31

      Overweight 4.9 0.34 4.9 0.35

      Obese 5.0 0.39 5.0 0.38

Region

     North 5.1* 0.31   5.0* 0.30

     West 4.8 0.28 4.8 0.28

     Central 4.8 0.31 4.8 0.31

Parental educational level

      Low 4.9 0.37 4.8 0.37

      Intermediate 4.9 0.32 4.9 0.32

      High 4.9 0.32 4.9 0.30

Maternal BMI 

      Normal 4.9 0.32 4.9 0.31

      Overweight 4.9 0.36 4.9 0.36

      Obese 4.9 0.25 4.9 0.26

Parental diabetes

      Yes 4.9 0.26 4.8 0.30

      No 4.9 0.33 4.9 0.32

Gestational diabetes

      Yes 5.1* 0.36   5.0* 0.37

      No 4.9 0.32 4.9 0.32

Member of a sports club

      Yes 4.9 0.33  4.9* 0.32

      No 4.8 0.32 4.8 0.31

Time watching TV

      ≤ 2 h 4.9 0.33 4.9 0.32

      > 2 h 5.0 0.27 4.9 0.28

Time playing outside

      ≤ 3x times/week 4.9 0.32 4.9 0.32

      > 3x times/week 4.9 0.33 4.9 0.32

* P < 0.05; † Adjusted for duration sample storage, age and gender.
Abbreviations: BMI, body mass index; HbA1c, glycated haemoglobin; SD, standard deviation
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DISCUSSION

In this population of 788 non-diabetic Dutch children aged 8–9 years, HbA1c is normally distributed, 

with a mean (± SD) HbA1c of 4.9 ± 0.33% (range 3.5–6.0%). HbA1c is higher in boys compared with 

girls and in the offspring of mothers with gestational diabetes compared with the offspring of 

mothers without gestational diabetes. We also found a higher HbA1c in children from the Northern 

region and an inverse association between haemoglobin levels and HbA1c. We found no significant 

relation between HbA1c and other known risk factors for Type 2 diabetes.

Saaddine et al. described the distribution of HbA1c in children and young adults in the USA by use of 

data from the Third National Health And Examination Survey14. A total of 7974 non-diabetic children, 

adolescents and young adults aged 5–24 years were included. The overall mean (± SD) HbA1c was 

5.0 ± 0.50%, varying from 4.9% (95% CI ± 0.04) in non- Hispanic whites, 5.1 ± 0.02% in Mexican-

Americans and 5.2 ± 0.02%  in non-Hispanic blacks. We included only children aged 8–9 years and in 

our study population, whereas 94.6% of the children were of Dutch ethnicity. 

The younger study population and differences in ethnicity could explain the difference in reported 

mean HbA1c. As in our current study, Saaddine et al. also found a higher HbA1c in men and in 

overweight participants. Pettitt et al. established the distribution of HbA1c in 400 children aged 11–

13 years8. They found a mean (± SD) HbA1c of 4.8 ± 0.39% (range 3.4–5.7%). In contrast to our data, 

they found no difference in HbA1c between boys and girls.

Eldeirawi and Lipton investigated predictors of HbA1c in almost 5000 non-diabetic children and 

adolescents aged 4 –17.0 years.  In their study population, HbA1c also differed significantly between 

boys and girls, with boys having a higher HbA1c than girls15. Also Shultis et al. found a higher HbA1c 

in boys compared with girls16.

In contrast to the studies of Eldeirawi and Lipton and Shultis et al., we found no relation between 

HbA1c and age. This could be explained by the very small age range in our study population. 

We found a significantly higher HbA1c in the children from the Northern region compared with 

the HbA1c in children from West and Central regions. Controlling for potential confounding factors 

(duration of sample storage, age, gender, gestational diabetes of the mother and haemoglobin 

level) did not change this relation. There are no differences between the three regions in the way 

the blood samples were taken, processed and stored. Thus, the higher HbA1c in children from the 

Northern region remains largely unexplained. At least two studies have prospectively examined 

the role of exposure to diabetes in utero on childhood growth, later obesity and risk for Type 2 

diabetes in the offspring17,18. In both studies, higher glucose concentrations and a higher prevalence 

of diabetes was found in the offspring of mothers with diabetes during pregnancy. This supports 
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our finding of a higher HbA1c in the offspring of mothers with gestational diabetes.

The negative association between haemoglobin and HbA1c is in line with a decrease of HbA1c after 

iron supplementation in iron-deficient patients19,20. Thus, HbA1c levels are not only  the result of 

preceding blood glucose levels and this should be taken into account when considering HbA1c 

as a screening tool.

Birthweight is associated with greater insulin resistance in children21,22. However, in our study 

population, in the study population of Shultis et al.16, as well as in Jamaican schoolchildren23, no 

association was found between HbA1c and birthweight. Breastfeeding recently has been suggested 

as being protective against the development of Type 2 diabetes in youth, mediated in part by 

current weight status in childhood24. In our study population, we found no association between 

HbA1c and breastfeeding. Also in the study of Shultis et al., breastfeeding initiation and exclusivity 

were not associated with HbA1c in 1645 non-diabetic children aged 9–11 years16. Family history of 

diabetes is strongly associated with Type 2 diabetes in children25,26. However, as with Shultis et al.16, 

we found no relation between parental history of diabetes and HbA1c in children.

Taken together, we did not find an association between known risk factors for Type 2 diabetes and 

HbA1c in children aged 8–9 years. At this young age, the increased insulin resistance as a result of 

these risk factors presumably is not yet present or is fully compensated for by increased insulin 

production, resulting in normal glucose and HbA1c levels. Unfortunately, we did not assess insulin 

levels in our study. Our study population is not representative of all Dutch children of similar 

age. It contains less overweight and obese children and ethnic minorities are under-represented. 

Several studies found higher HbA1c levels in children from minority populations in the USA8,14 and 

Shultis et al. found a slightly higher HbA1c in children from non-white ethnic background in their 

study population of 1645 UK children (95.3%  white,  4.7%  non-white)16. In our study population, 

only 3.2% of the children were from non-Western origin, which is not representative of all Dutch 

children of similar age. Potential differences in HbA1c between children from different ethnic groups 

in the Dutch population of children aged 8–9 years could be missed. In the PIAMA birth cohort 

study, pregnant women were recruited from the general population by means of a validated 

screening questionnaire on maternal allergy. In this cohort of 788 non-diabetic Dutch children, 

HbA1c was normally distributed. We found a higher HbA1c in boys and in the offspring of mothers 

with gestational diabetes, compared with their counterparts. We found no significant relationship 

between HbA1c and other known risk factors for Type 2 diabetes. Moreover, we found a significant 

inverse association between haemoglobin levels and HbA1c and an unexplained higher HbA1c in 

children from the north of the Netherlands. Thus, it could be argued that HbA1c values should be 

interpreted with caution. They may not only reflect the preceding blood glucose levels, but seem to 

be determined by other factors as well.
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ABSTRACT

Aims: HbA1c is associated with cardiovascular risk in persons without diabetes and cardiovascular 

risk accumulates over the life course. Therefore, insight in factors determining HbA1c from childhood 

onwards is important. We investigated (lifestyle) determinants of HbA1c at age 12 years and the 

effects of growth on change in HbA1c between the age of 8 and 12 years.

Methods: HbA1c was measured in 955 non-diabetic children aged around 12 years participating in 

the PIAMA birth cohort study. In 363 of these children HbA1c was also measured at the age of 8 years. 

Weight, height, waist and hip circumference were measured when blood samples were taken. Data 

on parents and children were collected prospectively by questionnaires. 

Results: We found no significant association between known risk factors for insulin resistance and 

HbA1c at age 12 years. The mean(SD) change in HbA1c was 0.6(0.7) mmol/mol per year. HbA1c was 

fairly stable over time: 68.9% of the children remained in the same quintile or had an HbA1c one 

quintile higher or lower at age 8 years compared to age 12 years. Anthropometric measures at age 8 

and their change between age 8 and 12 years were not associated with the change in HbA1c. 

Conclusions: HbA1c in non-diabetic children is fairly stable over time. The lack of association between 

known risk factors for insulin resistance and HbA1c suggest that HbA1c in non-diabetic children is 

relatively unaffected by factors associated with glycaemia and is mainly determined by factors 

which are fairly constant over time. 
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INTRODUCTION

Several studies have shown an association between HbA1c and cardiovascular risk in people without 

diabetes1,2 and it is known that cardiovascular risk accumulates over the life course. Since HbA1c 

is used as measure of the risk for cardiovascular complications, and probably will be used as the 

diagnostic test for diabetes3, it is important to get better insight in all the factors determining HbA1c 

from childhood onwards.

In a previous study we investigated determinants of HbA1c in 788 non-diabetic Dutch children aged 

8-9 years from the Prevention and Incidence of Asthma and Mite Allergy (PIAMA) birth cohort4. In 

the current study, we explore anthropometric measures and life-style factors as determinants of 

HbA1c around the age of 12 years in the same children. In a subgroup of the study population, we 

investigate the change in HbA1c levels between the age of 8 and 12 years. Between the age of 8 

and 12 years children go through a phase of important growth. The aim of the current study is to 

investigate the effects of this growth on the change in HbA1c levels. And additionally, we study the 

stability of HbA1c over time in this population of non-diabetic children.

METHODS

The study population consisted of 955 Dutch children born and recruited in 1996-1997 into the 

PIAMA birth cohort study. Details of the study design have been published previously5. A screening 

questionnaire on maternal allergy6 was distributed to 10,232 pregnant women visiting one of 52 

prenatal clinics in three different regions in the Netherlands (North, Central and West). Based on 

this screening 7,862 woman were invited to participate in the study; 4,146 agreed and gave written 

informed consent. 183 participants were lost to follow-up before any data on the child had been 

obtained, so that the study started with 3,963 newborn children. Questionnaires were sent to the 

participating parents during pregnancy, at three months and yearly from 1 to 8 years of age and 

at 11 years of age. Details of the data collected during a hospital-based medical examination at 

8 years of age have been described previously4. Around 12 years of age, all children who were 

still participating in the study were invited for a physical examination during a home-visit. In 964 

children anthropometric measures were performed and an EDTA blood sample was taken. An HbA1c 

value could be assessed in 963 samples. Children with diabetes mellitus (n=4) and children treated 

with growth hormone therapy (n=2) were excluded from the analysis. Two children were excluded 

from the current analyses since they had unexplained high HbA1c levels of 6.4% and 6.8%, possibly 
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due to (still) unknown existence of diabetes mellitus or an analytic error. Finally, we included 955 

children (Study population I). In 363 of these children HbA1c levels were also measured at the age of 

8 years, in this subgroup we investigated the (determinants of ) change in HbA1c (Study population 

II). Change in HbA1c was defined as the change in HbA1c in mmol/mol per year, to take into account 

the differences in the interval between both measurements between the children.

For HbA1c analysis, erythrocytes were stored at -20 °C for a mean period of 149 days (range 46-364) 

prior to assay. A 5 µl cell mass was lysated and HbA1c was measured by ion-exchange chromatography 

using the Adams A1c, HA-8160 HPLC (Menarini Diagnostics Benelux, Valkenswaard, The Netherlands). 

This analyser was standardized on Diabetes Control and Complications Trial (DCCT) standards. 

Between-batch imprecision (coefficient of variation) was 1.1% for a mean HbA1c of 5.9% and 0.8% 

for a mean HbA1c of 11.4%. Results were given as DCCT percentages as well as the new values of the 

International Federation of Clinical Chemistry and Laboratory Medicine (IFCC) in mmol/mol. New 

IFCC values were calculated with this equation: new IFCC value (mmol/mol) = (10.93 * old DCCT 

value) – 23.57. All HbA1c values were adjusted for storage time.

During the medical examination, children were weighed and measured in their underwear. Weight 

was measured to 0.1 kg and height to 0.1 cm by trained research staff using calibrated measuring 

equipment. Body mass index (BMI) was calculated as weight/height squared (kg/m2). ‘Overweight’ 

and ‘obesity’ were defined according to age and gender specific international standards8. We use the 

term ‘overweight’ for the group of children who are overweight but not obese.  Waist-circumference, 

to the nearest 0.1 cm, was measured midway between the lowest rib and the top of the iliac crest 

at the end of gentle expiration. Hip-circumference, to the nearest 0.1 cm, was measured off the 

trochanter major. Waist-circumference as well as the hip-circumference was measured twice. The 

mean of the two measurements was used in the analysis. Standard deviation scores (SDS) of BMI, 

waist circumference, hip circumference and waist-to-hip circumference were calculated using 

Growth Analyser 3.5 (Growth Analyser B.V., Rotterdam, the Netherlands), based on Dutch reference 

values9,10. 

Data on diet were obtained from a food-frequency questionnaire filled out by the parents when the 

child was aged around 11 years. Consumption frequency was categorized for the intake of products 

with a high saturated fat content (i.e. butter, candy bars, fried snacks, fries, chips and chocolate) and 

high vitamin C content (i.e. fresh fruit, uncooked vegetables and cooked vegetables). In addition, 

the consumption frequency of fish and nuts was categorized in 3 categories. We compared HbA1c 

levels in these different categories for each food product. 

Data on physical activity were obtained from a questionnaire filled out by the children when they 

were around the age of 11 years. We calculated the time spent on walking or cycling to school 
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and screen time (i.e. time spent on computing and watching television), in hours per week, and 

categorized both in 3 categories. In addition, we determined if they fulfilled the criteria of the Dutch 

physical activity guideline (at least one hour a day of active behaviour on every day of the week). 

Data on maternal BMI and parental educational level (defined as the highest educational level of 

father and mother and categorized in three categories) were obtained by a questionnaire filled out 

by the parents when the children were 1 year old. Data on gestational diabetes were obtained by a 

questionnaire filled out by the parents of the children in whom an HbA1c levels was assessed at age 

8 years. 

Statistical methods

We used multiple linear regression, with only region and age at time of blood sampling as covariates, 

to investigate the relation of all separate potential determinants with the change in HbA1c and 

with HbA1c at 12 years. A level of significance of p < 0.05 was applied for all analyses, which were 

performed with SPSS version 16.0 (SPSS Inc., Chicago, IL, USA).

37972_SOV-Proefschrift-hfdst.1.indd   49 27-05-2011   09:49:36



Chapter 4
The PIAMA birth cohort study

Determinants of HbA1c in non-diabetic children and adults

RESULTS

The characteristics of the study populations are displayed in Table 1. 

(Lifestyle) determinants of HbA1c at 12 years

We found no relation between anthropometric measures at 12 years and HbA1c levels at 12 years 

(Table 2). HbA1c levels were significantly higher in children of mothers with gestational diabetes 

compared to their counterparts and significantly lower in children who did not fulfil the criteria 

from the Dutch physical activity guideline compared to their counterparts. We included the food 

products of which the intake frequency was significantly associated with HbA1c in Table 2. We found 

neither a significant association between the frequency of intake of the other food products high in 

saturated fat and vitamin C content and HbA1c nor a significant association between the frequency 

of intake of nuts and fish and HbA1c. 

Change in HbA1c between the age of 8 and 12 years 

The mean (SD) difference in HbA1c between the age of 8 and 12 years was 2.4 (3.1) mmol/mol 

(p<0.001). The mean (SD) increase was 0.6 (0.7) mmol/mol per year. HbA1c at age 8 years was 

significantly and positively associated with HbA1c at age 12 years, with an increase of 0.34 mmol/

mol (95% CI 0.27 – 0.40) per 1 mmol/mol increase in HbA1c at age 8 years (p<0.001). HbA1c at age 8 

years contributed 22% to the explained variance of HbA1c at age 12 years. This positive association 

remained significant in the multiple linear regression model, adjusting for age at blood sampling 

around age 12 years and region, with an increase of 0.38 mmol/mol (95% CI 0.31 – 0.44) in HbA1c at 

12 years per 1 mmol/mol increase in HbA1c at 8 years (p<0.001).  The explained variance of this model 

was 28%. As a result, HbA1c was fairly stable over time: 68.9% (n=250) of the children remained in the 

same quintile (n=114) or had an HbA1c level in one quintile higher (n=70) or lower (n=66) at age 8 

years compared to age 12 years (Table 3). 

Neither anthropometric measures at age 8 nor the change in anthropometric measure SD-scores per 

year between 8 and 12 years were associated with the change in HbA1c (Table 4). Also after adjustment 

for baseline anthropometric measure SDS (i.e. at age 8 years), the change in anthropometric measure 

SDS per year between 8 and 12 years was not associated with the change in HbA1c. 
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Table I. Characteristics of the study populations

∆ = variable at age 12 years minus variable at age 8 years
Abbreviations: BMI, body mass index; SD, standard deviation; SDS, standard deviation score

Study population I Study population II

Total n Mean±SD n (%) Total n Mean±SD n (%)

General

Gender: Girl 955 470 (49.2) 363 183 (50.4)

Age medical exam. 8yrs. (yrs.) 861 8.2 ± 0.4 363 8.1 ± 0.3

Age medical exam. 12 yrs (yrs.) 955 12.5 ± 0.2 363 12.5 ± 0.2

∆ Age (yrs.) 861 4.3 ± 0.5 363 4.4 ± 0.4

HbA1c

HbA1c at 12 yr. (%) 955 5.1 ± 0.2 363 5.1 ± 0.2

HbA1c at 8 yr. (mmol/mol) 363 29.8 ± 3.3 363 29.8 ± 3.3

HbA1c at 12 yr. (mmol/mol) 955 32.2 ± 2.4 363 32.2 ± 2.4

∆  HbA1c (mmol/mol) 363 2.4 ± 3.1 363 2.4 ± 3.1

Change in HbA1c (mmol/mol/yr) 363 0.6 ± 0.7 363 0.6 ± 0.7

Anthropometry at age 12 years

BMI (kg/m2) 955 18.8 ± 2.7 363 18.8 ± 2.6

BMI SDS 955 0.19 ± 1.0 363 0.19 ± 1.0

∆ BMI SDS 861 0.10 ± 0.6 363 0.07 ± 0.6

BMI 955 363

      Normal 829 (86.8) 316 (87.1)

      Overweight 115 (12.0) 44 (12.1)

      Obese 11 (1.2) 3 (0.8)

Waist circumference (cm) 955 66.2 ± 6.7 363 66.1 ± 6.4

Waist circumference SDS 955 0.18 ± 1.0 363 0.18 ± 1.0

∆ Waist circumference SDS 859 -0.19 ± 0.7 363 -0.22 ± 0.7

Waist/hip ratio 955 0.82 ± 0.0 363 0.82 ± 0.0

Waist/hip ratio SDS 955 0.07 ± 0.8 363 0.08 ± 0.8

∆ Waist/hip ratio SDS 858 0.00 ± 0.8 362 0.00 ± 0.8

Parental factors

Maternal atopic constitution: Yes 955 303 (31.7) 363 229 (63.1)

Gestational diabetes: Yes 367 10 (2.7) 359 10 (2.8)

Maternal BMI (kg/m2) 910 23.0 ± 3.4 345 23.1 ± 3.5

Parental educational level 954 362

      Low 103 (10.8) 35 (9.7)

      Intermediate 344 (36.1) 130 (35.9)
  High 507 (53.1) 197 (54.4)
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Table II. Study population I. Determinants of HbA1c at the age of 12 years

* Crude mean 
** Multiple linear regression model, only adjusted for age at medical examination 12 years and region
† P < 0.05; § P < 0.001 
Abbreviations: BMI, body mass index; CI, confidence interval; SD, standard deviation; SDS, standard deviation score

HbA1c (mmol/mol)

n Mean* SD Difference** CI p-value R2

Gender 0.04

      Girls 470 32.2 2.5 - -

      Boys 485 32.2 2.2 0.01 - 0.28 – 0.31 0.93

BMI 0.04

      Normal 829 32.2 2.4 - -

      Overweight 115 32.1 2.2 - 0.10 - 0.56 – 0.35 0.66

      Obese 11 32.4 3.2 0.24 - 1.15 – 1.63 0.73

Gestational diabetes 0.04

     No 357 32.1 2.3 - -

     Yes 10 33.8 3.4 1.53 0.04 – 3.01 0.04†

Parental educational level 0.04

     Low 103 32.3 2.6 - -

     Intermediate 344 32.2 2.4 - 0.10 -0.61 – 0.42 0.72

     High 507 32.2 2.3 - 0.04 -0.53 – 0.46 0.89

Candy bars 0.05

      No 232 32.1 2.4 - -

      < 1 day per week 522 32.2 2.3 0.10 -0.26 – 0.46 0.60

      ≥ 1 day per week 173 32.7 2.4 0.57 0.11 – 1.03 0.02†

Chocolate 0.04

      0-1 day per week 197 32.5 2.5 - -

      2-5 days per week 467 32.1 2.3 -0.44 -0.83 – -0.05 0.03†

      > 5 days per week 270 32.3 2.4 -0.21 -0.64 – 0.22 0.34

Cooked vegetables 0.05

      < 3 days per week 56 32.9 2.2 - -

      3-5 days per week 508 32.1 2.3 -0.89 -1.53 – -0.25 0.01†

      > 5 days per week 362 32.4 2.4 -0.56 -1.22 – 0.09 0.09

Active transport to school

      < 1 hours/week 356 32.3 2.3 - - 0.04

      1 – 1.5  hours/week 308 32.3 2.4 0.09 -0.26 – 0.45 0.61

      > 1.5 hours/week 268 32.1 2.5 - 0.17 -0.55 – 0.20 0.36

Dutch physical activity guideline: 0.04

     No 729 32.1 2.3 - -

     Yes 205 32.6 2.5 0.42 0.05 – 0.78 0.03†

Screen time 0.04

      < 10 hours/week 398 32.3 2.3 - -

      10-20 hours/week 377 32.2 2.4 - 0.18 -0.51 –  0.15 0.28

      > 20 hours/week 158 32.1 2.4 - 0.25 -0.68 – 0.18 0.25

HbA1c at 8 years (mmol/mol) 363 0.38 0.31 – 0.44 <0.001§ 0.28

Weight SDS 955 0.05 - 0.10 – 0.20 0.50 0.04

Height SDS 955 0.03 - 0.12 – 0.18 0.73 0.04

BMI SDS 955 0.05 - 0.10 – 0.19 0.52 0.04

Waist SDS 955 0.03 - 0.13 – 0.18 0.73 0.04

Hip SDS 955 0.04 - 0.12 – 0.21 0.60 0.04

Waist-to-Hip SDS 955 0.02 - 0.17 – 0.21 0.85 0.04

Maternal BMI (kg/m2) 910 0.02 - 0.03 – 0.06 0.47 0.04
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Table III. Number of children shifted between quintiles of HbA1c 

Table IV. Study population II. Determinants of the change in HbA1c

* Crude mean
** Multiple linear regression, only adjusted for age at medical examination 12 years and region
Abbreviations: BMI, body mass index; CI, confidence interval; SD, standard deviation; SDS, standard deviation score

∆ Quintile Frequency % Cumulative %

0 114 31.4

1 or -1 136 37.5 68.9

2 or -2 66 18.2 87.1

3 or -3 40 11.0 98.1

4 or -4 7 1.9 100.0

Total 363 100.0

Change in HbA1c (mmol/mol/yr)

n Mean* SD Difference** CI p-value

Gender

      Girls 183 0.58 0.7 -

      Boys 180 0.53 0.7 - 0.07 - 0.21 – 0.06 0.30

BMI 8 years

      Normal 316 0.57 0.7 -

      Overweight 39 0.40 0.6 - 0.16 - 0.38 – 0.06 0.15

      Obese 8 0.74 0.8   0.18 - 0.29 – 0.65 0.45

BMI SDS 8 years 363 - 0.05 - 0.13 – 0.02 0.17

∆ BMI SDS/yr 363 - 0.13 - 0.66 – 0.39 0.61

Waist circumference SDS 8 years 363 - 0.04 - 0.12 – 0.04 0.32

∆  Waist circumference SDS/yr 363 - 0.28 - 0.73 – 0.17 0.21

Hip circumference  SDS 8 years 362 - 0.09 - 0.18 – 0.01 0.07

∆  Hip circumference SDS/yr 362 - 0.05 - 0.59 – 0.49 0.86

Waist/hip ratio SDS 8 years 362 0.04 - 0.06 – 0.14 0.40

∆  Waist/hip ratio SDS/yr 362 - 0.27 - 0.64 – 0.10 0.15

Maternal BMI (kg/m2) 345 0.00 - 0.02 – 0.02 0.85
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DISCUSSION

We found no consistent significant association between life-style factors and HbA1c at the age of 

12 years. HbA1c at age 8 years is by far the most important predictor of HbA1c at age 12. Therefore, 

HbA1c levels appear to be fairly stable over time. We found a mean increase in HbA1c between age 

8 and age 12 of 0.6 mmol/mol/yr. Anthropometric variables at age 8 years as well as change in 

anthropometry between age 8 and 12 were not associated with the change in HbA1c. 

In our studies on determinants of HbA1c in non-diabetic children around 8 years as well as 12 years 

of age, several (life-style) factors known to be associated with insulin resistance and risk for Type 

2 diabetes, appear not to be associated with HbA1c. Other studies on determinants of HbA1c in 

childhood found varying results.  Pettitt et al. found a higher HbA1c in minority boys compared to 

non-Hispanic white boys in a group of 400 children aged 11 to 13 years, suggested as an early sign 

of predisposition to Type 2 diabetes among groups known to be at higher risk for Type 2 diabetes11. 

Saaddine et al investigated determinants of HbA1c in 7,968 children and adolescents aged 5 to 24 

years12 and found a higher HbA1c in the 10- to 14-year-old age group, in participants with overweight, 

in those with lower levels of education, in those with a positive parental history of diabetes and 

in those with serum glucose ≥ 7.0 mmol/l. They also found consistent differences in HbA1c levels 

among different racial/ethnic groups studied. Finally, Eldeiwari et al. investigated predictors of HbA1c 

among 4,928 non-diabetic young people aged 4-17.0 years and concluded that HbA1c was generally 

associated with other known risk factors for Type 2 diabetes13. In contrast, Shultis et al. concluded 

from their study to determinants of HbA1c in 1,645 children aged 9-11 years that HbA1c is not a good 

marker of fasting or post-load glucose and insulin measures in healthy children, and that it is not a 

viable alternative to these measures for investigating the early life and childhood determinants of 

insulin resistance and Type 2 diabetes in children14. 

In contrast to the studies described above, in the current study we were also able to investigate 

life-style factors, i.e. dietary intake and physical activity, as determinants of HbA1c. A higher physical 

activity level is known to decrease insulin resistance15. However, we found higher HbA1c levels in 

physically active children, both at age 8 years4 and at age 12 years in the current study. Also, at 

both ages we found no consistent association between dietary factors and HbA1c, in contrast to 

studies in adults16. These results suggest that HbA1c in non-diabetic children is relatively unaffected 

by level of glycaemia and factors associated with glycaemia. And that HbA1c is determined by life-

style factors to a greater extent in adults compared to children or, alternatively, that the differences 

in life-style factors may be less among children than among adults. Further studies to investigate 

these differences are warranted. 

Puberty is associated with modest insulin resistance17. Given the mean (SD) age of our study 
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population of 12.5 (0.2) small differences in pubertal development could be expected. Unfortunately, 

we had no good measure to determine the early pubertal development at the moment the blood 

sample was taken. Therefore, we were not able to investigate the influence of puberty on HbA1c 

levels. 

Three studies previously reported that HbA1c is relatively stable over time in adults18-20. Meigs et al. 

concluded, in their study on tracking of HbA1c over a period of 4-6 years, that HbA1c reliably categorizes 

the glucose control of non-diabetic subjects over a period of 4-6 years, thereby confirming its value 

as an epidemiological measure. Our results are in line with these findings. But to our knowledge, we 

are the first who can confirm these findings in children. The stability of HbA1c over time suggests 

that the factors causing between-individual variability of HbA1c are fairly constant in an individual. 

We investigated determinants of change in HbA1c in a subgroup of only 363 children. We found, 

though not statistically significant, unexpected inverse associations between the change in 

anthropometric measures and the change in HbA1c. The found effect of especially the change in 

waist circumference SDS and waist-to-hip ratio SDS on the change in HbA1c seems to be quite large 

compared to the mean change in HbA1c, but is, probably due to a lack of power, not significant. 

In the study population invited for a hospital-based medical examination at the age of 8 years, 

offspring of allergic mothers were overrepresented4. Consequently, in our study population II also 

offspring of allergic mothers are overrepresented compared to study population I. We repeated all 

analyses in the offspring of allergic and non-allergic mothers separately and the results were largely 

the same in both groups. 

In conclusion, we found no significant association between known risk factors for insulin resistance 

and HbA1c at the age of 12 years. HbA1c at age 8 years is by far the most important predictor of HbA1c 

at age 12 years. Consequently, HbA1c in non-diabetic children seems to be fairly stable over time. 

Neither anthropometry at age 8 years nor change in anthropometry between age 8 and 12 years 

was associated with the change in HbA1c. These results suggest that HbA1c in non-diabetic children 

is relatively unaffected by level of glycaemia and factors associated with glycemia. It seems to be 

mainly determined by factors which are fairly constant over time in childhood.
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ABSTRACT

Background:  HbA1c is associated with cardiovascular risk in persons without diabetes, and its use 

has been recommended for diagnosing diabetes. Therefore, it is important to get better insight in 

determinants of HbA1c. 

Objective:  To investigate the effects of environmental factors, genetic loci and gene-environment 

interactions on HbA1c in non-diabetic adults. 

Design:  Population based cohort study.

Setting:  Three Northern provinces of The Netherlands

Participants: 2,921 non-diabetic adults participating in the population-based LifeLines Cohort 

Study.

Measurements: BMI, waist circumference, HbA1c, fasting plasma glucose (FPG) and erythrocyte 

indices were measured. Data on current smoking and alcohol consumption were collected by 

questionnaires. Genome-wide genotyping was performed, 12 previously identified SNPs were 

selected for replication and categorized in “glycemic” and “non-glycemic” SNPs according to the 

presumed way they act on HbA1c. Genetic risk scores (GRSs) were calculated by adding up the 

weighted effect of HbA1c-increasing alleles.

Results: Age, gender, BMI, FPG, mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin 

concentration (MCHC), current smoking and alcohol consumption were independent predictors of 

HbA1c, together explaining 26.2% of the variance in HbA1c, with FPG only contributing 10.9%. We 

replicated three of the previously identified SNPs, namely rs1402837, rs4737009 and rs1046896 and 

the GRSs were also independently associated with HbA1c. We found a smaller effect of the “non-

glycemic GRS” in females compared to males and an attenuation of the effect of the GRS of all 12 

SNPs with increasing BMI. 

Limitations:  The lack of other measures of glycemia besides FPG. 

Conclusions: Our results suggest that a substantial part of HbA1c is determined by non-glycemic 

factors, raising serious questions about the use of HbA1c as a diagnostic test for diabetes.
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INTRODUCTION

HbA1c has been firmly established as an index of long term glucose control and as a predictor of 

complications in patients with diabetes mellitus1. In addition, several studies have shown an 

association between HbA1c and cardiovascular risk in people without diabetes2,3. An international 

expert committee recommended using HbA1c as indicator for the diagnosis of diabetes4, but this is 

still fiercely debated5-7. Therefore, it is important to get better insight in factors determining HbA1c in 

non-diabetic adults and the mechanisms through which they act.

Despite its standing as the most validated and widely used measure for average glycemic control 

over time, discordance between HbA1c and other measures of glycemic control are commonly 

observed. These mismatches between blood glucose data and HbA1c levels have led to a controversy 

regarding the role of the remaining sources of variation in HbA1c
8. Among 223 adults without 

diabetes, differences in glucose intolerance explained only one third of the variance in glycated 

hemoglobin levels9. In addition, only moderate correlations of glucose with HbA1c were found in 

a population of 2,122 randomly selected non-diabetic adults aged 40-65 years10. This suggests 

that HbA1c and glucose partly reflect different processes, particularly in the non-diabetic range of 

glucose tolerance. 

Variation in HbA1c is thought to be subject to environmental and genetic determinants11. 

Environmental factors may explain about 40-60% of the HbA1c level in non-diabetic persons12,13. 

Two environmental clinical variables that are most evidently identified as influencing HbA1c levels 

are red cell survival and blood glucose concentrations. However, there are several other (glycemia 

independent) variables that can influence HbA1c, including race, smoking and age14-17. 

The heritability of HbA1c is estimated to be 40-60%12,13. Two genome-wide association studies (GWASs) 

identified fifteen independent single nucleotide polymorphisms (SNPs) that were significantly 

associated with HbA1c in non-diabetic adults18,19. The physiological mechanisms through which 

these genetic loci regulate HbA1c levels remain unclear. Some SNPs are considered to modulate 

glycemic physiology20, while others are supposed to regulate non-glycemic factors like red blood 

cell function21. 

In the current study we investigated a wide range of determinants of HbA1c in non-diabetic Dutch 

adults participating in the population-based LifeLines Cohort Study22. We selected genetic loci that 

have been established in published GWASs18,19 and studied the individual and combined effects of 

these SNPs plus environmental factors and gene-environment interactions on HbA1c. 
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METHODS

LifeLines participants

The study population was derived from the LifeLines Cohort Study, a three-generation population-

based study22.  In short, LifeLines is an observational follow-up study in a large representative sample 

of the population of the three northern provinces of The Netherlands covering three generations. 

All participants received a number of questionnaires and a medical examination at baseline, and are 

being followed longitudinally with extensive standardized measurements. The study was approved 

by the Ethics Committee of the University Medical Center Groningen.

For the current study, 3,367 unrelated participants of western European descent who completed 

the baseline medical examination, who filled out the questionnaires and from whom genome-

wide data of good quality were available were selected. We excluded participants with diabetes 

mellitus (n=156), either self-reported or diagnosed by a fasting plasma glucose (FPG) ≥ 7.0 mmol/l. 

In addition, we excluded participants with significant anemia (n=86), defined by a hemoglobin 

level < 8.2 mmol/l for males and <7.0 mmol/l for females, and those without an HbA1c value (n=13), 

erythrocyte indices (n=10) or FPG (n=181). The final study population consisted of 2,921 non-

diabetic adults. 

Anthropometry

Weight was measured to 0.1 kg and height to 0.1 cm by trained research staff using calibrated 

measuring equipment, with participants wearing light clothing. Body mass index (BMI) was 

calculated as weight/height squared (kg/m2). Overweight and obesity are defined as BMI > 25 kg/

m2 and BMI > 30 kg/m2, respectively. Waist-circumference, to the nearest 0.1 cm, was measured 

twice midway between the lowest rib and the top of the iliac crest at the end of gentle expiration. 

The mean of the two measurements was used in the analysis. 

Laboratory analyses

For HbA1c analysis, a fasting whole blood sample (EDTA) was taken and analysed using a turbidimetric 

inhibition immunoassay on a Cobas Integra 800 CTS analyzer (Roche Diagnostics Nederland BV, 

Almere, the Netherlands). This method has been standardized against the reference method of the 

International Federation of Clinical Chemistry and Laboratory Medicine (IFCC). Results (mmol HbA1c 

/mol Hb) were converted to units (% HbA1c) traceable to the Diabetes Control and Complications 

Trial/National Glycohemoglobin Standardization Program (DCCT/NGSP) using the Roche master-

equation. Between-batch imprecision (coefficient of variation) was 2.1% for a mean HbA1c of 5.5% 

and 1.9% for a mean HbA1c of 10.6%. 
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FPG was measured from fasting fresh venous plasma using the Roche glucose-assay (hexokinase/

glucose-6-phosphate dehydrogenase enzymatic reactions) on the Modular P (Roche Diagnostics, 

Burgdorf, Switzerland).

Hemoglobin (Hb), hematocrit (Ht), red blood cell count (RBC), mean corpuscular volume (MCV), 

mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentration (MCHC) 

were assessed using a Sysmex XE-2100 automated hematology analyser (Sysmex Corporation, 

Kobe, Japan). Gender-specific z-scores were calculated for Hb, Ht, RBC, MCV, MCH and MCHC, to take 

differences between sexes into account. These gender-specific z-scores were used in all modelling. 

Current smoking and alcohol consumption

Data on current smoking and alcohol consumption were obtained from the questionnaires. Current 

smoking was defined as any smoking in the previous month and alcohol consumption was defined 

as any alcohol consumption in the previous month, both answered with yes or no. Data on alcohol 

consumption were missing for 89 participants.

“Environmental” factors

Although some cannot be considered true environmental factors, in contrast to the measured 

genotypes (SNPs), age, gender, BMI, waist circumference, current smoking, alcohol consumption, 

FPG, Hb, Ht, RBC, MCV, MCH and MCHC are all considered environmental determinants of HbA1c for 

the purpose of this paper. 

Genotyping, quality control and imputation

For the present study genome-wide genotyping was performed in all participants using the Illumina 

HumanCytoSNP12 v2 beadchip assay (Illumina, Inc.; San Diego, USA). Genotypes were called with 

the Illumina GenomeStudio software package (Illumina, Inc.; San Diego, USA). SNPs were excluded 

if the genotype call rate was <95%, the minor allele frequency was <1% or the Hardy-Weinberg 

p-value was <10-4. Samples were excluded if the sample call rate was <95%, they were non-

Caucasian (evaluated with EigenStrat23), or if they were highly related to another individual24 and 

had a lower call rate. The resulting data set contained 257,581 SNPs of 3,367 individuals. Imputation 

of untyped SNPs was done with IMPUTE using the HapMap CEU Phase II reference set (release 22, 

build 36)25.

37972_SOV-Proefschrift-hfdst.1.indd   61 27-05-2011   09:49:41



Chapter 5
The LifeLines cohort study

Determinants of HbA1c in non-diabetic children and adults

Selected SNPs

For this study we selected genome-wide significant SNPs from two large GWASs18,19. Soranzo et al. 

identified 11 independent SNPs and Paré et al. found four independent SNPs for HbA1c
18,19. Of these 

15 SNPs, two SNPs had an imputation quality score < 0.5 (rs1387153 and rs16926246) in our sample, 

and rs730497 was in perfect LD with rs1799884. These three SNPs were excluded from the analyses 

and the remaining 12 SNPs were used for replication in the current study (Appendix Table I). 

We categorized the 12 SNPs according to the presumed way they act on HbA1c. The loci of SNPs 

rs552976, rs1402837, rs1799884 and rs13266634 have previously been associated with fasting 

glucose or reduced glucose-induced insulin secretion26-29. Consequently, we expect that these 

“glycemic” loci act on HbA1c through a glycemic pathway. In contrast, the other SNPs are thought to 

influence HbA1c via “non-glycemic” erythrocyte and iron biology pathways18,21.

A genetic risk score (GRS) was calculated for each individual by adding up the HbA1c-increasing 

allele dosages of all 12 SNPs weighted by their respective effect sizes as observed in the studies of 

Soranzo et al. and Paré et al.18,19. In addition, we calculated a GRS for the four “glycemic” SNPs and 

eight “non-glycemic” SNPs separately. 

Statistical methods

We used multiple linear regression to investigate the relation of all potential determinants with 

HbA1c. First a model with only age and gender was analyzed. In the next steps, each determinant 

was added to the age and gender model separately. Next a forward-stepwise approach with all 

environmental factors was used to derive a full predictive model of HbA1c including only significant 

terms. To this end, age and gender were forced in the model and the other environmental factors 

were added subsequently by stepwise modelling. Since BMI and waist circumference were highly 

correlated (r=0.80, p<0.001) we initially only used BMI in the modelling. The GRSs were each 

separately added to this so-called full predictive model to determine their effect on HbA1c as well as 

the proportion of variance explained.

Gene-environment interactions were calculated by multiplying the GRS of all 12 SNPs by the 

environmental determinants. First, all gene-environment interactions were tested separately 

for their association with HbA1c in the age and gender model. Thereafter, significantly associated 

gene-environment interactions were added to the full predictive model to test their independent 

association with HbA1c.

A level of significance of p<0.05 was applied for all analyses, which were performed with SPSS 

version 16.0 (SPSS Inc., Chicago, IL, USA).
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RESULTS

The characteristics of the study population are displayed in Table I.

Table I. Characteristics of the study population

Values are means ± SD or number (%)
Abbreviations: BMI, body mass index; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin 
concentration; MCV, mean corpuscular volume; RBC, red blood cell count

Environmental factors and HbA1c

We found a positive association of age, BMI, waist circumference, FPG, hematocrit, RBC and current 

smoking with HbA1c and a negative association with hemoglobin level, MCV, MCH, MCHC and 

alcohol consumption (Table II). Gender was not associated with HbA1c in the baseline age and 

gender model.

In a forward-stepwise multiple linear regression model, age, gender, BMI, FPG, MCH, MCHC, current 

smoking and alcohol consumption, were independent predictors of HbA1c. This full predictive model 

with eight environmental factors explained 26.2% of the variance in HbA1c (Table III). 

Values

Age (yrs.) 55.5 ± 9.9

Gender: Male (%) 1,176 (40.3)

BMI (kg/m2) 26.5 ± 4.1

     Normal (%) 1,112 (38.1)

     Overweight (%) 1,322 (45.3)

     Obese (%) 487 (16.7)

Waist circumference (cm) 92.9 ± 11.7

Current smoking: n (%) 566 (19.4)

Alcohol consumption: n (%) 2,344 (80.2)

HbA1c (%) 5.6 ± 0.3

HbA1c (mmol/mol) 38 ± 3

Fasting plasma glucose (mmol/l) 5.1 ± 0.5

Hemoglobin (mmol/l) 8.7 ± 0.7

Hematocrit (l/l) 0.42 ± 0.03

RBC (x 10-12/l) 4.7 ± 0.4

MCV (fl) 90.4 ± 4.2

MCH (fmol) 1.9 ± 0.1

MCHC (mmol/l) 20.6 ± 0.6
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Note that FPG alone explained only 10.9%. We also used forward-stepwise modelling to derive a full 

predictive model with waist circumference instead of BMI; the results remained largely the same. 

Genotypic factors and HbA1c

In the current study we replicated three of the twelve SNPs previously identified from GWASs for 

HbA1c, namely rs1402837, rs4737009 and rs1046896 (Table II). SNP rs7072268 was also significantly 

associated with HbA1c, but surprisingly, we found a negative effect of the T-allele, in contrast to 

other studies19,21. Hence this finding cannot be considered a replication. The loci nearest to the three 

replicated SNPs are G6PC2, ANK1 and FN3K, respectively. Thus we replicated one “glycemic” locus 

and two “non-glycemic” loci. The three GRSs were all positively and significantly associated with 

HbA1c, indicating a cumulative effect of the different loci (Table II). Adding the GRS of all 12 SNPs to 

the full model with independent environmental risk factors increased the percentage of explained 

variance in HbA1c with 0.2% (Table III). In the full predictive model with the eight independent 

environmental risk factors, the effect of the “non-glycemic GRS” on HbA1c attenuated markedly while 

the effect of the “glycemic GRS” remained largely the same. 

Gene – environment interactions

Two interactions between the GRS of all 12 SNPs and environmental factors remained significant 

after adding them to the full multivariate model (Table IV). The effect of the GRS of all 12 SNPs on 

HbA1c was significantly lower in females compared to males. In addition, the effect of the GRS of all 

12 SNPs attenuated with an increasing BMI. Both interactions together added 0.3% to the explained 

variance in HbA1c.

To get further insight in the interactions between the GRSs and gender, we stratified the population 

according to gender and calculate the effect of the three GRSs on HbA1c in males and females 

separately (Table Va). In males we found a positive and highly significant
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Table II. Associations of HbA1c with environmental and genetic risk factors

Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; GRS, genetic risk score; MCH, mean corpuscular 
hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpuscular volume; RBC, red blood cell count; 
SNP, single nucleotide polymorphisms
 * Linear regression model with the risk factors separately added to the baseline model with age and gender.
† Erythocyte indices are expressed as z-scores
‡ For alcohol consumption the age and gender model consisted of n=2,832 participants with a R2 (%) of 9.6.
§ Replicated SNPs
R2: Explained variance in HbA1c. ∆ R2: Added explained variance compared to the explained variance of the age and gender model.

HbA1c (mmol/mol)

Beta CI p-value R2 (%)

Baseline model 10.8

Age (yrs.) 0.11 0.10 – 0.12 <0.001

Gender -0.13 -0.37 – 0.11 0.276

Environmental factors: Beta* CI p-value ∆ R2 (%)

BMI (kg/m2) 0.13 0.10 – 0.16 <0.001 2.5

Waist circumference (cm) 0.05 0.04 – 0.06 <0.001 2.4

FPG (mmol/l) 2.29 2.07 – 2.51 <0.001 11.2

Hemoglobin † -0.13 -0.25 – -0.02 0.027 0.1

Hematocrit † 0.17 0.05 – 0.28 0.006 0.2

RBC † 0.23 0.12 – 0.35 <0.001 0.5

MCV † -0.14 -0.25 – -0.02 0.025 0.1

MCH † -0.45 -0.57 – -0.34 <0.001 1.8

MCHC † -0.62 -0.73 – -0.50 <0.001 3.2

Current smoking 0.70 0.40 – 1.00 <0.001 0.6

Alcohol consumption -0.94 -1.26 – -0.63 <0.001 1.1‡

Genotypic factors:
SNP

Beta* CI p-value ∆ R2 (%)

rs552976         0.10 -0.07 – 0.27 0.235 0.0

rs1402837       0.28 0.08 – 0.48 0.007 § 0.2

rs1799884       0.19 -0.04 – 0.41 0.099 0.1

rs13266634     -0.02 -0.20 – 0.16 0.862 0.0

rs2779116       0.03 -0.16 – 0.22 0.745 0.0

rs1800562       0.14 -0.21 – 0.50 0.436 0.0

rs6474359       0.35 -0.05 – 0.75 0.088 0.1

rs4737009       -0.26 -0.46 – -0.05 0.014 § 0.2

rs7072268       -0.34 -0.54 – -0.14 0.001 0.3

rs7998202       0.17 -0.11 – 0.44 0.236 0.0

rs1046896       0.20 0.00 – 0.40 0.046 § 0.1

rs855791         -0.11 -0.28 – 0.06 0.206 0.0

GRS All 12 SNPs 0.32 0.15 – 0.48 <0.001 0.4

“Glycemic GRS” 0.28 0.05 – 0.51 0.018 0.2

“Non-glycemic GRS” 0.32 0.09 – 0.54 0.005 0.2
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Table III. Multivariate associations of HbA1c with environmental and genetic risk factors

Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; GRS, genetic risk score; MCH, mean corpuscular 
hemoglobin; MCHC, mean corpuscular hemoglobin concentration; SNP, single nucleotide polymorphisms
R2: Explained variance in HbA1c (%).
∆ R2: Added explained variance of the GRSs to the model (%).
* Multiple linear regression model. 
Model IV:    Model III + GRS all 12 SNPs 
Model V:   Model III + “Glycemic GRS”
Model VI:   Model III + “Non-glycemic GRS”

HbA1c (mmol/mol)

Beta* CI p-value R2 (%)

Model I 9.6

Age (yrs) 0.11 0.10 – 0.12 <0.001

Gender -0.14 -0.38 – 0.10 0.263

Model II 20.5

Age (yrs) 0.08 0.07 – 0.09 <0.001

Gender 0.35 0.12 – 0.58 0.003

FPG (mmol/l)  2.25 2.03 – 2.48 <0.001

Model III 26.2

Age (yrs) 0.07 0.06 – 0.09 <0.001

Gender 0.25 0.03 – 0.48 0.029

BMI (kg/m2) 0.05 0.02 – 0.08 0.001

FPG (mmol/l)  2.13 1.91 – 2.36 <0.001

MCH   -0.21 -0.33 – -0.09 0.001

MCHC -0.56 -0.68 – -0.44 <0.001

Current smoking 0.81 0.53 – 1.09 <0.001

Alcohol consumption -0.73 -1.02 – -0.44 <0.001

Beta* CI p-value ∆ R2 (%)

Model IV

GRS all 12 SNPs 0.20 0.05 – 0.35 0.010 0.2

Model V

“Glycemic GRS” 0.23 0.02 – 0.44 0.032 0.2

Model VI

“Non-glycemic GRS” 0.15 -0.06 – 0.35 0.151 0.1
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Table IV. Full multivariate model for HbA1c including gene-environment interactions

Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; GRS, genetic risk score; MCH, mean corpuscular 
hemoglobin; MCHC, mean corpuscular hemoglobin concentration; SNP, single nucleotide polymorphisms
R2: Explained variance in HbA1c (%).
* Multiple linear regression model. 

HbA1c (mmol/mol)

Beta* CI p-value R2

Model 26.7

Age (yrs) 0.07 0.06 – 0.09 <0.001

Gender 1.52 0.52 – 2.52 0.003

BMI (kg/m2) 0.20 0.08 – 0.32 0.001

FPG (mmol/l)  2.11 1.88 – 2.34 <0.001

MCH   -0.21 -0.33 – -0.09 0.001

MCHC -0.55 -0.67 – -0.43 <0.001

Current smoking 0.83 0.55 – 1.11 <0.001

Alcohol consumption -0.73 -1.02 – -0.44 <0.001

GRS all 12 SNPs 2.13 0.98 – 3.27 <0.001

Interaction GRS all 12 SNPs * Gender -0.40 -0.71 – -0.09 0.011

Interaction GRS all 12 SNPs * BMI -0.05 -0.09 – -0.01 0.012
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Table Va. Effect of genetic risk scores on HbA1c in males and females

Abbreviations: GRS, genetic risk score; SNP, single nucleotide polymorphisms
* Linear regression model adjusted for the full predictive model with age, BMI, FPG, MCH, MCHC, current smoking and alcohol 
consumption

Table Vb. Effect of genetic risk scores on HbA1c in normal, overweight and obese persons

Abbreviations: GRS, genetic risk score; SNP, single nucleotide polymorphisms
* Linear regression model adjusted for the full predictive model with age, gender, BMI, FPG, MCH, MCHC, current smoking and 
alcohol consumption

Male (n=1,134) HbA1c (mmol/mol) Female (n=1,698) HbA1c (mmol/mol)

Beta* CI p-value Beta* CI p-value

GRS all 12 SNPs 0.42 0.18 – 0.67 0.001 0.05 -0.14 – 0.24 0.634

GRS Glycemic SNPs 0.29 -0.06 – 0.63 0.102 0.19 -0.08 – 0.45 0.169

GRS Non-glycemic SNPs 0.49 0.16 – 0.82 0.004 -0.09 -0.35 – 0.17 0.494

Normal (n=1,091)
HbA1c (mmol/mol)

Overweight (n=1,278)
HbA1c (mmol/mol)

Obese (n=463)
HbA1c (mmol/mol)

Beta* CI p-value Beta* CI p-value Beta* CI p-value

GRS all 12 SNPs 0.30 0.07 – 0.53 0.012 0.28 0.05 – 0.51 0.017 -0.25 -0.66 – 0.15 0.218

GRS Glycemic SNPs 0.43 0.11 – 0.75 0.009 0.21
-0.11 – 

0.54
0.197 -0.19 -0.74 – 0.37 0.512

GRS Non-glycemic SNPs 0.13 -0.18 – 0.45 0.410 0.33 0.01 – 0.64 0.041 -0.27 -0.79 – 0.26 0.326

37972_SOV-Proefschrift-hfdst.1.indd   68 27-05-2011   09:49:42



Determinants of HbA1c in non-diabetic children and adults

68 - 69

association between the “non-glycemic GRS” and HbA1c, while in females there was no significant 

association. Thus the observed difference in the effect of the GRS of all SNPs on HbA1c between sexes 

is largely explained by a difference in the effect of the “non-glycemic GRS” on HbA1c.

In addition, we stratified the population in normal, overweight and obese individuals and we 

calculated the effect of the three GRSs on HbA1c in these three groups separately (Table Vb). We 

found a positive association between all three GRSs and HbA1c in normal and overweight individuals, 

but a negative association between all three GRSs and HbA1c in obese individuals, although not 

significant. 

DISCUSSION

The aim of this study was to investigate environmental and genetic determinants of HbA1c in non-

diabetic adults to get further insight in the relative contribution of the different factors (glycemic 

versus non-glyemic and environmental versus genotypic) to HbA1c levels in non-diabetic adults. 

We found age, gender, BMI, FPG, MCH, MCHC, current smoking and alcohol consumption to be 

independently associated with HbA1c.  A full predictive model with these eight environmental factors 

explained 26.2% of the variance in HbA1c and FPG contributed only less than half to this explained 

variance namely 10.9%. In addition, association between three out of 12 previously identified 

SNPs and HbA1c could be replicated in our study population. The GRSs were also independently 

associated with HbA1c and explained 0.2% of the variance in HbA1c. We found a lower effect of the 

“non-glycemic GRS” in females compared to males and an attenuation of the effect of the GRS of all 

12 SNPs with increasing BMI. 

Since erythrocytes are freely permeable to glucose, the rate of formation of HbA1c is directly 

proportional to the ambient glucose concentration. However, it is common to find discordance 

between HbA1c and other measures of glycemic control in diabetes patients30,31. These mismatches 

still remain unexplained and have led to a controversy as to the role of the remaining sources of 

variation in HbA1c. From a recent study investigating the relationship among HbA1c, fasting plasma 

glucose and 2-hour postload plasma glucose it was concluded that the correlation between glucose 

and HbA1c was only moderate in the general population10. Twenty years ago, Yudkin et al. already 

suggested that the degree of glucose intolerance may explain only one third of the variance in 

HbA1c in a non-diabetic population9. These conclusions are in line with our findings; our full 

predictive model with eight environmental factors explained 26.2% of the variance in HbA1c, but 

FPG contributes only less than half to this explained variance namely 10.9%. 

Glycation of HbA begins during erythropoiesis and continues throughout the lifespan of hemoglobin 
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in the circulation. Consequently, erythrocyte life span determines the duration of exposure of 

hemoglobin to glucose and thereby HbA1c levels. Increased erythrocyte turnover, as observed in 

hemolytic anemia, results in lower HbA1c levels32. In contrast, patients with iron deficiency anemia 

showed higher HbA1c levels, probably because of a relatively high proportion of old erythrocytes33,34. 

In line with our findings, Koga et al. demonstrated that in pre-menopausal women MCH was 

negatively associated with HbA1c and they explained this by pre-menopausal menstrual blood 

loss that causes iron-deficiency and thereby relatively low levels of MCV and MCH35. As our study 

population consisted of men and women (pre- as well as post-menopausal), pre-menopausal blood 

loss could not be the only explanation of the observed relation between MCH and HbA1c. Possibly, 

also a relative lack of iron caused by other factors than blood loss leads to a relatively longer life-

span of erythrocytes in persons with lower MCH. Cohen et al. concluded that erythrocyte survival 

varies sufficiently among hematologically normal persons to cause differences in HbA1c
36. If MCH is 

related to this variance in erythrocyte survival, this could explain the observed differences in HbA1c. 

Certainly more studies are needed to investigate the mechanisms through which erythrocyte 

indices influence HbA1c levels. However, the relatively high contribution of MCHC and MCH to the 

explained variance in HbA1c, underlines that other factors besides glycemia determine HbA1c levels.

In line with other studies, we found a negative association between alcohol consumption and 

HbA1c
37,38. Facchini et al. found that light-to-moderate alcohol consumption in healthy men and 

women was associated with enhanced insulin-mediated glucose uptake and lower plasma glucose 

and insulin concentrations in response to oral glucose39. The resulting lower levels of glycemia could 

explain the lower levels of HbA1c related to alcohol consumption. Our finding of higher HbA1c levels 

in current smokers is also in line with results of earlier studies16,40,41. Even after adjusting for potential 

confounders like abdominal obesity, there is a positive association between current smoking and 

HbA1c. Glycotoxins found in cigarette smoke may induce the higher rate of glycation of HbA42 or the 

relative higher tissue hypoxia43 may explain increased HbA1c levels in smokers44. 

In the current study we could replicate three of the previously genome-wide significant SNPs for 

HbA1c, but the contribution of these SNPs to the explained variance in HbA1c is rather low. In contrast 

to other studies, we found a negative association of the T-allele of SNP rs7072268 with HbA1c, which 

may have been a false positive finding19,21. Fluctuation of effects of individual SNPs is no longer a 

problem when the effects of all SNPs are added to calculate a GRS. This GRS gives the opportunity 

to get insight into the extent of the effect of all SNPs together on HbA1c. The GRS of all 12 SNPs 

is independently associated with HbA1c, but contributes only 0.2% to the explained variance in 

HbA1c. 

In the full predictive model with independent environmental risk factors the effect of the

 “non-glycemic GRS” attenuated markedly. This marked attenuation could be explained by mediation 
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of MCHC and/or MCH. If (part of ) these SNPs acts on HbA1c through its effect on MCHC and/or MCH, 

the effect of the GRS will attenuate when MCHC and/or MCH is also in the model. The effect of the 

“glycemic GRS” on the other hand largely remained the same.

The “non-glycemic GRS” was positively associated with HbA1c in males but not in females, 

demonstrating a difference in the effect of these non-glycemic SNPs on HbA1c between sexes. In 

addition, the effect of the GRS of all 12 SNPs attenuated with increasing BMI. Possibly, the effect of 

the environmental factor being obese overrides the potential genetic effect of the SNPs. 

An important strength of our study is that we were able to investigate the association between a 

wide range of “environmental” risk factors and HbA1c in a large population-based study population. 

Consequently, we could adjust for potential confounding and investigated the independent 

associations between the risk factors and HbA1c. An important limitation of our study is the lack of 

other measures of glycemia besides FPG. However, repeated daily measurements of glucose levels 

are not feasible in a cohort study with non-diabetic participants. And more importantly, in spite of 

this lack of other measures of glycemia the contribution of non-glycemic factors to the explained 

variance in HbA1c remains indisputable. 

In conclusion, age, gender, BMI, FPG, MCH, MCHC, current smoking and alcohol consumption are 

“environmental” factors independently associated with HbA1c. In addition, the association between 

three previously identified SNPs and HbA1c could be replicated in our study population. The added 

effect of the previously identified non-glycemic SNPs is different in men and women and the added 

effect of all 12 SNPs attenuated with increasing BMI. These results suggest that HbA1c is determined 

by other factors besides preceding glucose levels which raises serious questions about the use of 

HbA1c for diagnosing diabetes.

ACKNOWLEDGEMENTS

We thank Behrooz Alizadeh, Annemieke Boesjes, Marcel Bruinenberg, Noortje Festen, Ilja Nolte, 

Lude Franke, Mitra Valimohammadi for their help in creating the GWAS database, and Rob Bieringa, 

Joost Keers, René Oostergo, Rosalie Visser, Judith Vonk for their work related to data-collection and 

validation. The authors are grateful to the study participants, the staff from the LifeLines Cohort 

Study and Medical Biobank Northern Netherlands, and the participating general practitioners and 

pharmacists.

37972_SOV-Proefschrift-hfdst.1.indd   71 27-05-2011   09:49:43



Chapter 5
The LifeLines cohort study

Determinants of HbA1c in non-diabetic children and adults

References 

1 Wolffenbuttel BH, Giordano D, Founds HW, Bucala R. Long-term assessment of glucose control by haemoglobin-AGE   
 measurement. Lancet 1996 Feb 24;347(9000):513-515. 
2 Khaw KT, Wareham N, Bingham S, Luben R, Welch A, Day N. Association of hemoglobin A1c with cardiovascular disease and  
 mortality in adults: the European prospective investigation into cancer in Norfolk. Ann Intern Med 2004 09/21;141(6):413- 
 420. 
3 Selvin E, Steffes MW, Zhu H, Matsushita K, Wagenknecht L, Pankow J, et al. Glycated hemoglobin, diabetes, and   
 cardiovascular risk in nondiabetic adults. N Engl J Med 2010 Mar 4;362(9):800-811. 
4 International Expert Committee. International Expert Committee report on the role of the A1C assay in the diagnosis of   
 diabetes. Diabetes Care 2009 Jul;32(7):1327-1334. 
5 Herman WH, Cohen RM. Hemoglobin A1c: teaching a new dog old tricks. Ann Intern Med 2010 Jun 15;152(12):815-817. 
6 Kilpatrick ES, Bloomgarden ZT, Zimmet PZ. Is haemoglobin A1c a step forward for diagnosing diabetes? BMJ 2009 Nov   
 10;339:b4432. 
7 Fonseca V, Inzucchi SE, Ferrannini E. Redefining the diagnosis of diabetes using glycated hemoglobin. Diabetes Care 2009  
 Jul;32(7):1344-1345. 
8 McCarter RJ, Hempe JM, Gomez R, Chalew SA. Biological variation in HbA1c predicts risk of retinopathy and nephropathy in  
 type 1 diabetes. Diabetes Care 2004 Jun;27(6):1259-1264. 
9 Yudkin JS, Forrest RD, Jackson CA, Ryle AJ, Davie S, Gould BJ. Unexplained variability of glycated haemoglobin in non-  
 diabetic subjects not related to glycaemia. Diabetologia 1990 Apr;33(4):208-215. 
10 van ‘t Riet E, Alssema M, Rijkelijkhuizen JM, Kostense PJ, Nijpels G, Dekker JM. Relationship between A1C and glucose levels  
 in the general Dutch population: the new Hoorn study. Diabetes Care 2010 Jan;33(1):61-66. 
11 Florez JC. A genome-wide association study of treated A1C: a genetic needle in an environmental haystack? Diabetes 2010  
 Feb;59(2):332-334. 
12 Meigs JB, Panhuysen CI, Myers RH, Wilson PW, Cupples LA. A genome-wide scan for loci linked to plasma levels of glucose  
 and HbA(1c) in a community-based sample of Caucasian pedigrees: The Framingham Offspring Study. Diabetes 2002   
 Mar;51(3):833-840. 
13 Snieder H, Sawtell PA, Ross L, Walker J, Spector TD, Leslie RD. HbA(1c) levels are genetically determined even in type 1   
 diabetes: evidence from healthy and diabetic twins. Diabetes 2001 Dec;50(12):2858-2863. 
14 Herman WH, Dungan KM, Wolffenbuttel BH, Buse JB, Fahrbach JL, Jiang H, et al. Racial and ethnic differences in mean   
 plasma glucose, hemoglobin A1c, and 1,5-anhydroglucitol in over 2000 patients with type 2 diabetes. J Clin Endocrinol   
 Metab 2009 May;94(5):1689-1694. 
15 Ziemer DC, Kolm P, Weintraub WS, Vaccarino V, Rhee MK, Twombly JG, et al. Glucose-independent, black-white differences  
 in hemoglobin A1c levels: a cross-sectional analysis of 2 studies. Ann Intern Med 2010 Jun 15;152(12):770-777. 
16 Higgins T, Cembrowski G, Tran D, Lim E, Chan J. Influence of variables on hemoglobin A1c values and nonheterogeneity of  
 hemoglobin A1c reference ranges. J Diabetes Sci Technol 2009 Jul 1;3(4):644-648. 
17 Pani LN, Korenda L, Meigs JB, Driver C, Chamany S, Fox CS, et al. Effect of aging on A1C levels in individuals without   
 diabetes: evidence from the Framingham Offspring Study and the National Health and Nutrition Examination Survey 2001- 
 2004. Diabetes Care 2008 Oct;31(10):1991-1996. 
18 Soranzo N, Sanna S, Wheeler E, Gieger C, Radke D, Dupuis J, et al. Common variants at ten genomic loci influence   
 hemoglobin A1C levels via glycemic and non-glycemic pathways. Diabetes 2010 Sep 21. 
19 Pare G, Chasman DI, Parker AN, Nathan DM, Miletich JP, Zee RY, et al. Novel association of HK1 with glycated hemoglobin  
 in a non-diabetic population: a genome-wide evaluation of 14,618 participants in the Women’s Genome Health Study. PLoS  
 Genet 2008 Dec;4(12):e1000312. 
20 Dupuis J, Langenberg C, Prokopenko I, Saxena R, Soranzo N, Jackson AU, et al. New genetic loci implicated in fasting   
 glucose homeostasis and their impact on type 2 diabetes risk. Nat Genet 2010 Feb;42(2):105-116. 
21 Bonnefond A, Vaxillaire M, Labrune Y, Lecoeur C, Chevre JC, Bouatia-Naji N, et al. Genetic variant in HK1 is associated with a  
 proanemic state and A1C but not other glycemic control-related traits. Diabetes 2009 Nov;58(11):2687-2697. 

37972_SOV-Proefschrift-hfdst.1.indd   72 27-05-2011   09:49:43



Determinants of HbA1c in non-diabetic children and adults

72 - 73

22 Stolk RP, Rosmalen JG, Postma DS, de Boer RA, Navis G, Slaets JP, et al. Universal risk factors for multifactorial diseases:   
 LifeLines: a three-generation population-based study. Eur J Epidemiol 2008;23(1):67-74. 
23 Patterson N, Price AL, Reich D. Population structure and eigenanalysis. PLoS Genet 2006 Dec;2(12):e190. 
24 Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira MA, Bender D, et al. PLINK: a tool set for whole-genome association and  
 population-based linkage analyses. Am J Hum Genet 2007 Sep;81(3):559-575. 
25 Marchini J, Howie B, Myers S, McVean G, Donnelly P. A new multipoint method for genome-wide association studies by   
 imputation of genotypes. Nat Genet 2007 Jul;39(7):906-913. 
26  Chen WM, Erdos MR, Jackson AU, Saxena R, Sanna S, Silver KD, et al. Variations in the G6PC2/ABCB11 genomic region are   
 associated with fasting glucose levels. J Clin Invest 2008 Jul;118(7):2620-2628. 
27 Bouatia-Naji N, Rocheleau G, Van Lommel L, Lemaire K, Schuit F, Cavalcanti-Proenca C, et al. A polymorphism within the   
 G6PC2 gene is associated with fasting plasma glucose levels. Science 2008 May 23;320(5879):1085-1088. 
28 Weedon MN, Clark VJ, Qian Y, Ben-Shlomo Y, Timpson N, Ebrahim S, et al. A common haplotype of the glucokinase gene   
 alters fasting glucose and birth weight: association in six studies and population-genetics analyses. Am J Hum Genet 2006  
 Dec;79(6):991-1001. 
29 Staiger H, Machicao F, Stefan N, Tschritter O, Thamer C, Kantartzis K, et al. Polymorphisms within novel risk loci for type 2   
 diabetes determine beta-cell function. PLoS One 2007 Sep 5;2(9):e832. 
30 Hempe JM, Gomez R, McCarter RJ,Jr, Chalew SA. High and low hemoglobin glycation phenotypes in type 1 diabetes: a   
 challenge for interpretation of glycemic control. J Diabetes Complications 2002 Sep-Oct;16(5):313-320. 
31 Cohen RM, Snieder H, Lindsell CJ, Beyan H, Hawa MI, Blinko S, et al. Evidence for independent heritability of the glycation  
 gap (glycosylation gap) fraction of HbA1c in nondiabetic twins. Diabetes Care 2006 Aug;29(8):1739-1743. 
32 Panzer S, Kronik G, Lechner K, Bettelheim P, Neumann E, Dudczak R. Glycosylated hemoglobins (GHb): an index of red cell  
 survival. Blood 1982 Jun;59(6):1348-1350. 
33 El-Agouza I, Abu Shahla A, Sirdah M. The effect of iron deficiency anaemia on the levels of haemoglobin subtypes: possible  
 consequences for clinical diagnosis. Clin Lab Haematol 2002 Oct;24(5):285-289. 
34  Tarim O, Kucukerdogan A, Gunay U, Eralp O, Ercan I. Effects of iron deficiency anemia on hemoglobin A1c in type 1 diabetes  
 mellitus. Pediatr Int 1999 08;41(4):357-362. 
35 Koga M, Morita S, Saito H, Mukai M, Kasayama S. Association of erythrocyte indices with glycated haemoglobin in pre-  
 menopausal women. Diabet Med 2007 Aug;24(8):843-847. 
36 Cohen RM, Franco RS, Khera PK, Smith EP, Lindsell CJ, Ciraolo PJ, et al. Red cell life span heterogeneity in hematologically   
 normal people is sufficient to alter HbA1c. Blood 2008 Nov 15;112(10):4284-4291. 
37 Harding AH, Sargeant LA, Khaw KT, Welch A, Oakes S, Luben RN, et al. Cross-sectional association between total level   
 and type of alcohol consumption and glycosylated haemoglobin level: the EPIC-Norfolk Study. Eur J Clin Nutr 2002   
 Sep;56(9):882-890. 
38 Boeing H, Weisgerber UM, Jeckel A, Rose HJ, Kroke A. Association between glycated hemoglobin and diet and other   
 lifestyle factors in a nondiabetic population: cross-sectional evaluation of data from the Potsdam cohort of the European  
 Prospective Investigation into Cancer and Nutrition Study. Am J Clin Nutr 2000 May;71(5):1115-1122. 
39 Facchini F, Chen YD, Reaven GM. Light-to-moderate alcohol intake is associated with enhanced insulin sensitivity. Diabetes  
 Care 1994 Feb;17(2):115-119. 
40 Gulliford MC, Ukoumunne OC. Determinants of glycated haemoglobin in the general population: associations with diet,   
 alcohol and cigarette smoking. Eur J Clin Nutr 2001 Jul;55(7):615-623. 
41 Nilsson PM, Gudbjornsdottir S, Eliasson B, Cederholm J, Steering Committee of the Swedish National Diabetes Register.   
 Smoking is associated with increased HbA1c values and microalbuminuria in patients with diabetes--data from the   
 National Diabetes Register in Sweden. Diabetes Metab 2004 Jun;30(3):261-268. 
42 Cerami C, Founds H, Nicholl I, Mitsuhashi T, Giordano D, Vanpatten S, et al. Tobacco smoke is a source of toxic reactive   
 glycation products. Proc Natl Acad Sci U S A 1997 Dec 9;94(25):13915-13920. 
43 Sagone AL,Jr, Lawrence T, Balcerzak SP. Effect of smoking on tissue oxygen supply. Blood 1973 Jun;41(6):845-851. 
44 Smith RJ, Koenig RJ, Binnerts A, Soeldner JS, Aoki TT. Regulation of hemoglobin AIc formation in human erythrocytes in   
 vitro. Effects of physiologic factors other than glucose. J Clin Invest 1982 May;69(5):1164-1168. 

37972_SOV-Proefschrift-hfdst.1.indd   73 27-05-2011   09:49:43



Chapter 5
The LifeLines cohort study

Determinants of HbA1c in non-diabetic children and adults

Appendix Table I. The twelve selected SNPs used for replication in the current study

Abbreviations: Chr, chromosome; Pos, position; SNP, single nucleotide polymorphisms 
* NCBI Genome build 36, release 22

SNP Chr Position* Effect allele/ 
Other allele

Nearest locus

“Glycemic”

rs552976         2 169499684 G / A G6PC2/ABCB11

rs1402837       2 169465600 T / C G6PC2

rs1799884       7 44195593 T / C GCK

rs13266634     8 118253964 T / C SLC30A8

“Non-glycemic”

rs2779116       1 156852039 T / C SPTA1

rs1800562       6 26201120 G / A HFE

rs6474359       8 41668351 T / C ANK1

rs4737009       8 41749562 G / A ANK1

rs7072268       10 70769919 T / C HK1

rs7998202       13 112379869 G / A ATP11A/TUBGCP3

rs1046896       17 78278822 T / C FN3K

rs855791         22 35792882 G / A TMPRSS6
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Introduction

An international expert committee comprising members appointed by the American Diabetes 

Association, the European Association for the Study of Diabetes and the International Diabetes 

Federation recently recommended the use of HbA1c for diagnosing diabetes1. Since then, dozens 

of articles have been published concerning this issue; some supporting this new application of 

HbA1c
2, while others argue against it3-5. In this paper, we will discuss important limitations of HbA1c 

as diagnostic test for diabetes.

Diagnose diabetes or its complications?

According to the International Diabetes Federation, diabetes is defined as: “a group of heterogeneous 

disorders with the common elements of hyperglycaemia and glucose intolerance, due to insulin 

deficiency, impaired effectiveness of insulin action, or both6”. The chronic hyperglycaemia of diabetes 

is associated with long-term damage to various organs, especially the eyes, kidneys, nerves, heart 

and blood vessels. 

Our comprehension of the pathophysiology of diabetes is limited, and there is no biological marker 

known to be unique to diabetes. Consequently, an important question to answer in the discussion 

around diagnosing diabetes is: what is diabetes? Is diabetes defined by the pathophysiology causing 

the hyperglycaemia (i.e. insulin deficiency, insulin resistance or both), is diabetes defined by the 

hyperglycaemia itself, or is it defined by the complications caused by hyperglycaemia? 

Since diabetes is per definition characterized by hyperglycaemia, to diagnose diabetes, it seems 

to be logic to measure this hyperglycaemia. And indeed for many years, hyperglycaemia has been 

the leading diagnostic criterion for diagnosing diabetes. But around 1997, the focus of diagnosing 

diabetes changed to a more pragmatic approach, with diagnosis based on the development of 

complications caused by the hyperglycaemia instead of the hyperglycaemia itself. Epidemiological 

studies demonstrated glycaemic levels (fasting plasma glucose, 2-hour plasma glucose and HbA1c) 

below which there was little prevalent retinopathy and above which the prevalence of retinopathy 

increased in an apparently linear fashion. Following these data, the Expert committee recommended 

a cut off value of 7.0 mmol/mol for fasting glucose, which is equivalent to a 2-hour post-load glucose 

concentration of 11.1 mmol/mol7.  HbA1c was not included in the guidelines because of lack of assay 

standardization.  

An updated examination of the laboratory measurements of glucose and HbA1c by the International 

Expert Committee in 2009 indicated that with advances in instrumentation and standardization, the 

accuracy and precision of HbA1c assays at least match those of glucose assays1. They conclude that: 

“compared with the measurement of glucose, the HbA1c assay is at least as good at defining the level 
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of hyperglycaemia at which retinopathy prevalence increases”, and recommend the use of HbA1c  for 

diagnosing diabetes, in men and non-pregnant women. 

“Diabetes should be diagnosed when HbA1c is ≥ 6.5%”

The International Expert Committee declared that a large volume of data from diverse populations 

has established an HbA1c level associated with an increase in the prevalence of moderate 

retinopathy and provides strong justification for assigning an HbA1c cut point of ≥ 6.5% for the 

diagnosis of diabetes. This cut point is solely based on the detection of retinopathy, a microvascular 

complication of diabetes. However, microvascular as well as macrovascular complications are both 

highly relevant to type 1 and type 2 diabetes8. Available data on the relationship between HbA1c 

and cardiovascular disease, an important macrovascular complication, may be less defined than 

those relating to retinopathy. But several studies have shown an association between HbA1c and 

cardiovascular risk throughout the whole distribution of HbA1c, so even in non-diabetic patients9-11. 

Khaw et al. concluded from their study to the relationship between HbA1c, cardiovascular disease 

and total mortality in a general population aged 45-79 years that the relationship between HbA1c 

and cardiovascular disease was continuous and significant throughout the whole distribution of 

HbA1c. These findings suggest a continuous relation between HbA1c and cardiovascular disease, and 

therefore strongly argue against the use of a cut point for diagnosing diabetes when it comes to 

macrovascular complications.

The relation between level of glycaemia and HbA1c

Mismatches between blood glucose monitoring data and HbA1c levels, also often seen in clinical 

practice, may imply that HbA1c and glucose partly reflect different processes, especially in the 

non-diabetic range of glucose tolerance. The proposal to express HbA1c as an estimated average 

glucose12 is based on the assumption of a consistent mathematical relationship between glucose 

concentration and the extent of glycation. Consequently, two individuals that have identical glucose 

profiles should have identical HbA1c levels. But this is not the case. Various studies found evidence 

for the existence of a “haemoglobin glycation index” or also called “glycation gap”. This concept 

denotes that individuals glycate haemoglobin proteins at different rates13,14. Khera et al. confirmed 

the existence of a glucose gradient across the human erythrocyte membrane and demonstrated 

inter-individual heterogeneity in glucose gradients across the human erythrocyte membrane that 

may affect haemoglobin glycation15. There is also evidence for an association of the “glycation gap” 

with diabetes complications independent of the level of glycaemia16. Thus, HbA1c may reflect both 

differences in blood glucose levels over time and the individual effects of additional biological 

factors that influence nonenzymatic protein glycation. This implies that HbA1c is a better predictor of 
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diabetes complications than other measures of glycaemia. But, since this susceptibility to glycation 

appears to be independent of glycaemic control, it is questionable whether this is specific to 

diabetes and therefore should be accounted for when diagnosing diabetes. 

Though erythrocytes are freely permeable to glucose and the rate of formation of HbA1c is thus 

expected to be directly proportional to the ambient glucose concentration, there is inter-individual 

variation in the relation between plasma glucose levels and HbA1c
16. And consequently, other factors 

besides glycaemia appear to determine HbA1c levels. Substantial with-in person variability in the 

relation between mean glycaemia and HbA1c level will have important consequences for the use of 

HbA1c as diagnostic tool for diabetes.

Other factors determining HbA1c in non-diabetic persons

The test for diagnosing diabetes will be used in persons without clear clinical signs of diabetes, 

including many persons without diabetes at the moment of the test. Consequently, if we want to 

use HbA1c for diagnosing diabetes, it is important to know if there are other factors, besides plasma 

glucose levels, which determine HbA1c in non-diabetic persons. Several studies investigating 

determinants of HbA1c in non-diabetic persons, found evidence that HbA1c is not only associated 

with levels of glycaemia but seems to be determined by other factors as well.

Firstly, HbA1c is better correlated in monozygotic than dizygotic non-diabetic twin, demonstrating 

that there are genetic factors, possibly apart from glycaemic control, which explain a part of the 

variation in HbA1c
17. The heritability of HbA1c nears 40% in the general population18. Two genome-

wide association studies identified fifteen different single nucleotide polymorphisms (SNPs) to 

associate with HbA1c in non-diabetic adults19,20. Some SNPs are considered to modulate glycaemic 

physiology21, while others are supposed to regulate non-glycaemic factors like red blood cell 

function22. Thus, despite the lack of knowledge about the exact way the identified SNPs act on 

HbA1c, it is clear that also genetic factors determine HbA1c.

Because glycation of HbA begins during erythropoiesis and continues slowly throughout the lifespan 

of haemoglobin in the circulation, erythrocyte lifespan determines the duration of exposure of 

haemoglobin to glucose, and thereby also determines HbA1c levels. Increased erythrocyte turnover, 

as observed in for example haemolytic anaemia, results in lower HbA1c levels23. On the contrary, 

several studies showed higher HbA1c levels in (diabetic as well as non-diabetic) patients with iron 

deficiency anaemia24,25. Cohen et al. concluded from their study that erythrocyte survival varies 

sufficiently among haematologically normal persons to cause clinically important differences in 

HbA. The question rises if we should test for anaemia or any other condition that can alter red cell 

survival before we can diagnose diabetes using the HbA1c level.
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In addition, also age and ethnicity are described to have influence on HbA1c, independently of levels 

of glycaemia. Ziemer et al. found higher HbA1c levels in black persons than in white persons across 

the full spectrum of glycaemia after adjustments for plasma glucose and other characteristics known 

to correlate with HbA1c levels27. And also subjects of South Asian origin showed to have higher HbA1c 

levels than white subjects independent of fasting and postprandial glycaemia on OGTT28.  

Pani et al examined whether HbA1c  was associated with age in non-diabetic persons. They stated that 

their results establish clearly that HbA1c increases with age, even after multivariate adjustments for 

sex, fasting, and 2-hour postload glucose and suggested that non-glycaemic factors may contribute 

to the relationship of HbA1c with age29. Other studies confirm the positive association between age 

and HbA1c
30,31. Also these findings of differences in HbA1c in persons of different age and ethnicity 

makes one cut-off value of HbA1c for diagnosing diabetes highly questionable.

In chapter 2 we described the findings of our study on potential predictors of HbA1c in 8-12 month 

old non-diabetic infants. We found no association between known risk factors for type 2 diabetes 

and HbA1c. Also, in the study on determinants of HbA1c in 8-9 year old children described in chapter 

3 we found no significant relation between known risk factors for type 2 diabetes and HbA1c. These 

results suggest that HbA1c may not only reflect the preceding blood glucose levels, but seems to be 

determined by other factors as well.

The study into determinants of the change in HbA1c between the age of 8 years and the age of 12 

years in non-diabetic Dutch children confirms these findings. In this study, described in chapter 4, 

HbA1c in non-diabetic children appears to be fairly stable over time. The observed lack of association 

between known risk factors for insulin resistance and HbA1c in this study also suggest that HbA1c   in 

non-diabetic children is relatively unaffected by factors associated with glycaemia and is mainly 

determined by factors which are fairly constant over time.

Chapter 5 contains the results of a study on genetic and environmental determinants of HbA1c 

in non-diabetic adults.  In this study age, gender, BMI, fasting plasma glucose, mean corpuscular 

haemoglobin (MCH), mean corpuscular haemoglobin concentration (MCHC), current smoking and 

alcohol consumption were independent predictors of HbA1c, together explaining 26.2% of the 

variance in HbA1c, with fasting plasma glucose only contributing 10.9%. We replicated three of the 

previously identified SNPs, namely rs1402837, rs4737009 and rs1046896 and the calculated genetic 

risk scores (GRS) were also independently associated with HbA1c. We found a smaller effect of the 

“non-glycaemic GRS” in females compared to males and an attenuation of the effect of the GRS of 

all 12 SNPs with increasing BMI. Also these results suggest that HbA1c is determined by other factors 

besides preceding glucose levels, and that again raises serious questions about the proposed use of 

HbA1c for diagnosing diabetes.
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Other disadvantages of using HbA1c for diagnosing diabetes

Two main difficulties regarding the accurate measurement of HbA1c are the large number of 

variant haemoglobins and glycohaemoglobins, and the fact that HbA1c is not a stand-alone analyte 

because its quantity is related to the total haemoglobin concentration. As a result of this latter, 

HbA1c is expressed as a ratio, i.e. HbA1c / total haemoglobin, and this dual measurement causes dual 

uncertainty in het outcome of the test32. As pointed out by Kilpatrick et al.4, the presence of any 

abnormal haemoglobin, like in people with sickle cell or haemoglobin C trait, may affect the HbA1c 

measurement and give misleading results. And despite the standardization of HbA1c measurements33, 

the performance of the HbA1c assays will not immediately improve. 

Because HbA1c lags changes in blood glucose levels, relying on it will delay diagnoses in many 

patients. Probably not for patients with type 1 diabetes, usually presenting with classic symptoms, 

but a delay in the diagnosis of type 2 diabetes will lead to a delay in the treatment and therefore a 

delay in preventing diabetes complications.

The costs of HbA1c tests are considerably higher compared to those for plasma glucose. Therefore 

particularly in developing countries inclusion of HbA1c among diabetes diagnostic criteria will increase 

the economic burden on the health system34. And despite the goal of worldwide standardization, it 

will take years before the accuracy and precision of the HbA1c assay in these countries is comparable 

with the developed countries. 

Conclusion

Finding the best way to diagnose diabetes has been a challenge for many years. The diagnosis based 

on the development of complications caused by the hyperglycaemia instead of the hyperglycaemia 

itself is probably most clinical useful, and since HbA1c is firmly established as a measure of the risk 

for the development of complications, the use of HbA1c for diagnosing diabetes seems to be a 

logical step. But there are important limitations of the use of an HbA1c level ≥ 6.5% for diagnosing 

diabetes.

Firstly, evidence suggests that there is a continuous relationship between HbA1c levels and 

cardiovascular complications, even in the non-diabetic range. A cut point at 6.5% would lead to 

under treatment of a lot of people at risk for cardiovascular disease.

In addition, other factors besides glycaemia seem to determine HbA1c including e.g. the “glycation 

gap”. But also genetic factors, erythrocyte lifespan, age and ethnicity influence HbA1c independent of 

plasma glucose levels. Substantial effects of these factors on HbA1c levels, independent of glycaemia, 
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will have important consequences for the use of HbA1c as diagnostic tool for diabetes. And finally, 

some practical considerations like variant haemoglobins, assay imprecision and costs, and the delay 

in diagnosis argue against the use of HbA1c for diagnosing diabetes.

In conclusion, HbA1c offers great potential as a continuous marker for cardiovascular risk, probably 

even in patients without as well as in patients with diabetes. But, the results presented in this thesis 

show that the observed variation in HbA1c caused by other factors besides glycaemia makes it 

unsuitable for dichotomizing and thereby diagnosing diabetes. 
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ABSTRACT

Background: Child and adolescent obesity is increasingly prevalent, and can be associated with 

significant short- and long-term health consequences. The aim of this review is to assess the 

efficacy of lifestyle, drug and surgical interventions for treating obesity in childhood.

Methods: We searched eight databases from 1985 to May 2008. We selected randomised 

controlled trials (RCTs) of lifestyle (i.e. dietary, physical activity and/or behavioural therapy), 

drug and surgical interventions for treating obesity in children (mean age under 18 years) with 

a minimum of six months follow up. Two reviewers independently assessed trial quality and 

extracted data following the Cochrane Handbook. 

Main results: We included 64 RCTs with 5230 participants. Lifestyle interventions focused on 

physical activity and sedentary behaviour in 12 studies, diet in 6 studies, and 36 concentrated 

on behaviourally orientated programs. Two drug trials involved metformin, two orlistat and five 

sibutramine. No surgical intervention was eligible for inclusion. The studies included varied greatly 

in intervention design, outcome measurements and methodological quality. Meta-analyses 

indicated a reduction in overweight at 6 and 12 months follow up in: i) lifestyle interventions 

involving children; and ii) lifestyle interventions in adolescents with or without the addition of 

orlistat or sibutramine.  A range of adverse effects was noted in drug RCTs.

Authors’ conclusions: While there is limited quality data to recommend one treatment program 

to be favoured over another, this review shows that combined behavioural lifestyle interventions 

can produce a significant and clinically meaningful reduction in overweight in children and 

adolescents. In obese adolescents, consideration should be given to the use of either orlistat or 

sibutramine, as an adjunct to lifestyle interventions, although this approach needs to be carefully 

weighed up against the potential for adverse effects. 
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BACKGROUND

The prevalence of obesity and overweight is increasing in both adult and child populations 

throughout the world1. Using the IOTF standard definition of paediatric overweight and obesity, the 

worldwide prevalence of overweight (including obesity) in children and young people aged 5-17 

years is approximately 10%, with that of obesity alone being 2-3%. Certain regions and countries 

have particularly high rates of paediatric obesity: more than 30% of children and adolescents in the 

Americas, and approximately 20% of those in Europe, are overweight or obese.

Overweight and obesity in childhood are known to have significant impact on both physical and 

psychosocial health. For example, hyperlipidaemia, hypertension, insulin resistance and abnormal 

glucose tolerance occur with increased frequency in obese children and adolescents2. Overweight 

children are known to become targets of early discrimination3. In addition, obesity in childhood 

is an independent risk factor for adult obesity4. Furthermore, there is evidence of an association 

between adolescent obesity and increased risks for health in adult life5. 

Treatment of childhood overweight and obesity is important, given the significant health and social 

consequences both in the short- and long-term. Ultimately treatment shares the same fundamental 

principles as treatment in adults i.e. to decrease caloric intake and increase energy expenditure. 

However, the primary goal of treatment (i.e. weight reduction or deceleration of weight gain) and 

the recommended mode of intervention are variable and dependent on the child’s age and initial 

level of overweight, among other considerations. In order to support clinicians in determining 

the most appropriate form of treatment, paediatric weight management guidelines exist in many 

countries to promote best practice, but at present many of these recommendations are based on 

low grade scientific evidence.

The first version of this systematic review was published in 20036 and included analysis of childhood 

obesity treatment studies published up until July 2001. Many of the studies included in the review had 

small sample sizes, high drop-out rates, unreliable or limited outcome measurements or sampling 

problems, raising concerns about validity and generalisability of the findings. Furthermore, the wide 

range of interventions tested made comparison of studies difficult. No direct conclusions could be 

drawn from the review.

The aim of this current review was to update the previous 2003 review. A new feature of this review 

is the consideration of drug trials and surgical interventions for the treatment of obesity in children 

and adolescents, reflecting both the increasing use of such therapies in clinical management and 

the emergence of published studies. 

The aim of this review was to assess the efficacy of any combination of lifestyle (dietary, physical 

activity, behavioural therapy), drug or surgical intervention, compared with any other combination 
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of these interventions or no treatment, designed to treat obesity in children and adolescents. The 

results of the current review will provide information on which to underpin clinical guidelines and 

health policy on the treatment of childhood obesity.

METHODS

Criteria for considering studies for this review

For lifestyle interventions, only RCTs that were specifically designed to treat obesity and observed 

participants for a minimum of six months follow-up from baseline were included. The rationale for 

introducing this criterion arose from the belief that many interventions appear to be effective in 

the short term (up to three months), but not in the long term7. For drug trials, we included trials 

that had at least three months of drug therapy and follow up at six months. For bariatric surgery, 

we considered RCTs, as well as published reports of controlled clinical trials, controlled before and 

after studies and interrupted time series studies. Alternative therapies were not considered in this 

review. Data were extracted for outcomes at 6, 9, 12 and 24 months where possible, and other time 

points where appropriate. Participants in study groups with a mean age less than 18 years at the 

commencement of the intervention were included.

The primary outcome measures were measured (not self-reported) height and weight. To account 

for sex- and age-related changes over time, we chose body mass index standard deviation score 

(BMI-SDS or BMI-Z-score) and percentage overweight to compare results between studies. 

Data collection and analysis

We searched eight electronic databases from 1985 to May 2008. Assessment of search strategy data 

was undertaken independently by two reviewers (the first author screened all; the second review 

was performed by all other authors by dividing all titles and abstracts into equal batches). Study 

data extraction and information on a number of measures of methodological quality of the included 

studies was assessed independently by two reviewers. Most of the included studies were too 

small to have the power to detect efficacy. In an attempt to overcome this problem, we compared 

studies that included children in the same age group, dealt with comparable interventions, and 

had a similar duration of intervention at the follow up moment for meta-analysis. Data needed to 

be reported at 6, 9, 12 or 24 months for the same outcome measurements (BMI-SDS or percentage 

overweight). Since few data on BMI-SDS were available in adolescents, we chose absolute changes 

in BMI as a second measure of fatness to compare results obtained in adolescents. Only studies 
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providing similar analyses based on intention-to-treat principles (for example with baseline- or last-

observation-carried-forward or imputed data by mixed model analysis) were considered. Studies 

fulfilling all these criteria were pooled in meta-analyses. 

RESULTS

Results of the search

The updated search of electronic databases performed in 2008 found 6496 abstracts. From these 

the full text of 206 papers was assessed. The results of the 2008 searches are detailed in Figure 1. All 

papers for which hard copies were obtained but which failed to meet the inclusion criteria (n=136 

papers) were excluded from this review. The remaining 70 papers (55 on lifestyle interventions, 

15 on drug interventions) reported 49 different studies (39 on lifestyle interventions, 10 on drug 

interventions). One lifestyle intervention paper was an additional report of an existing included 

study. 

Eighteen studies were included in the first version of the review6. They all involved lifestyle 

interventions to treat obesity in children or adolescents. An additional 46 studies that met the 

inclusion criteria were found in 2008. Therefore a total 64 studies are included in the current review. 

Two additional papers were ongoing trials, both involving lifestyle interventions. Overall, 54 studies 

reported on lifestyle interventions, ten on drug interventions (with or without combination with 

lifestyle intervention) i.e. sibutramine (n=5), orlistat (n=3) and metformin (n=2). None of the surgical 

intervention studies met the inclusion criteria.

The total number of participants in the 64 included studies with outcome data was 5230, of which 

3806 participated in the lifestyle studies and 1424 in the drug trials. Ages ranged from 3 to 21 years. 

Thirty-four lifestyle studies included children with a mean age below 12 years. All but one drug trial 

involved adolescents aged 12 to 19 years. One study included children aged 9 to 18 years, but the 

mean age of children was 12.5 years. 

Of the lifestyle intervention studies, 12 focused on exercise, physical activity or the reduction of 

sedentary behaviours, 6 focused on diet and 36 concentrated on behaviourally orientated treatment 

programs. The lifestyle  interventions ranged in duration from 1 month to 24 months, with 14 having 

a duration less than 6 months. Forty interventions lasted 6 months or longer, six of which continued 

for one year. Four interventions lasted at least two years. 

In most studies (n=40) the target of intervention was the family or the child with a parent. In the 

drug trials the drugs were only administered to the child. 
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Figure I. 2008 Quorom statement flow diagram [revised 29/08/08] Interventions for Treating Obesity in 

Childhood

Potentially relevant publications
identi�ed and screened for retreval: 6489

3 additional papers were indenti�ed from 
“Whitlock 2008”

4 studies awaiting classi�cation in previous
 version of review

Total = 6496

Paper excluded on te basis of title and 
abstract (generally due to lack of suitability
of study design or intervention)

Total = 6290

Papers retrieved for more detailed 
evaluation:

Total = 206

55 Lifestyle intervention papers included (from 39 studies)
15 Drug intervention papers included (from 10 studies)

Total = 70

Potentially appropriate RTCs
(with or without appropriate outcome 
data): 48

54 - 16 = 38 Lifestyle interventions
15 - 4   = 10 Drug interventions

RCTs with outcome data useful in the 
systematic review:

46 (36 Lifestyle and 10 drug interventions)

Total = 136 papers excluded

Not relevant to question  19
Aim was not to treat obesity 4
Aim was to prevent obesity 22
Not RCT   56 (23 surgical)
Review papers  6
Meeting abstract  11
Not in children  2
Lack of 6 month follow up 13
Maintenance intervention 3

Note: studies were not excluded on the basis
that they did not report primary outcome.

Papers coalesced into RCT studies
already included
(further publications of single studies
grouped: 1 (Golan 2008)

Papers coalesced into RCT studies
(further publications of single studies
grouped): 21

16 Lifestyle interventions (Daley 2005,
Gold�eld 2001, Graf 2005a, Gutin 2002,
Hughes 2008, Jelalian 2006, McCallum 2007,
Williamson 2005)

5 Drug interventions (Berkowitz 2003,
Berkowitz 2006 Freemark 2001,
Godoy-Matos 2005, Maahs 2006)

RCTs included in systamatic review, but
with no (useable) outcome data:

2 ongoing trials (Brennan 2008,
Janicke 2008)
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Risk of bias in included studies

All 64 included studies were RCTs. All studies included in this review had some methodological 

weaknesses according to the criteria set out in the Cochrane Handbook8, and thus did not fulfil all 

quality criteria.

Allocation to the intervention or control group was reported to be concealed in 14 of 54 lifestyle 

studies. However, allocation concealment was unclear in 38 of 54 studies and two studies reported 

that allocation was not concealed. In all but two drug intervention studies allocation to intervention 

or control was concealed. Blinded outcome assessment was reported in only five of the 54 lifestyle 

intervention studies and in seven of the drug trials. 

Dropout rates reported at the end of intervention ranged from 0 to 42%. Twenty-seven studies 

reported a completion of intervention rate of more than 80%. Twenty-one lifestyle intervention 

studies reported analysis based on intention-to-treat principles to account for missing data. In 

general, dropout rates in drug intervention trials were higher; at the end of intervention they ranged 

from 4 to 35%, but in only four of the drug trials, data at follow up measurements represented more 

than 80% of the baseline sample. All but three drug trials performed analysis based on intention-

to-treat principles.

The sample sizes of studies ranged from 16 to 218 participants in the lifestyle interventions, and 

from 24 to 539 participants in the drug trials. Power calculations were only discussed in 15 lifestyle 

studies included in this review. Thirty-eight of 54 lifestyle interventions randomised less than 30 

children to at least one study arm. Four of the drug intervention studies did not discuss power. Most 

drug trials included in this review had small sample sizes; six out of ten drug trials randomised less 

than 30 children to at least one study arm. 

Baseline differences between intervention and control groups were discussed in most studies, four 

lifestyle studies found a significant difference in body composition between the experimental and 

control group. Two drug studies found a significant difference in body composition between the 

experimental and control group at baseline. None of these baseline differences between groups 

were taken into account in analyses reported in the original papers, neither in the lifestyle, nor in 

the drug trials.

No conflicts of interest of any note were reported. Most studies were funded by national health 

institution research grants. All drug trials reported funding sources. Most of these studies were 

industry-sponsored but four studies reported non-industry sources of funding. 
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Effects of interventions

The studies included in this review varied greatly in intervention design, outcome measurements 

and methodological quality. Most studies demonstrated beneficial effects of interventions on child 

adiposity from baseline to the end of intervention or follow up. Due to heterogeneity only a small 

number of studies could be included in the meta-analysis (Table 1).  Also the drug intervention 

studies varied greatly, but showed a consistent beneficial effect. A few studies could be pooled, as 

shown in Table 2.

Adverse effects

Reporting of harm was noticeably absent in lifestyle studies. In contrast, the majority of drug studies 

reported total adverse events and possible medication-related adverse events. In the orlistat trials, 

the most commonly reported adverse events were associated with the gastrointestinal tract (fatty/

oily stool or evacuation, oily spotting, increased defecation, cramps and abdominal pain). In the 

sibutramine trials, adverse events included increased pulse rate and increased blood pressure, as 

well as dry mouth and dizziness. 

Table I. Meta-analysis of lifestyle interventions to treat obesity in children.

No. of studies No. of participants Mean difference in

BMI-SDS or BMI

Children younger than 12 years

- change in BMI-SDS at 6 months follow up 4 301 -0.06 [-0.12, -0.01]

- change in BMI-SDS at 12 months follow up 3 264 -0.04 [-0.12, 0.04]

Children 12 years and older

- change in BMI-SDS at 6 months follow up 3 291 -0.14 [-0.17, -0.12]

- change in BMI at 6 months follow up 4 362 -1.27 [-1.61, -0.93]

- change in BMI-SDS at 12 months follow up 2 231 -0.14 [-0.18, -0.10]

- change in BMI at 12 months follow up 2 231 -2.29 [-2.96, -1.62]
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Table II. Meta-analysis of drug treatment for obesity in children.

DISCUSSION

Sixty-four randomised controlled studies were included in this review, sharing similar overall goals 

and objectives. However, there were multiple differences in terms of study design (particularly 

intervention comparisons), quality (particularly sample size and thus power) and outcome measures. 

Most studies reported beneficial effects of the intervention on adiposity from baseline to end of 

intervention or follow up. The challenge is to ascertain which intervention is more effective than 

another. Although we have not been able to fully answer this, we have identified further evidence 

as to the effectiveness of various strategies for treating childhood obesity. The importance of a 

combined dietary, physical activity and behavioural component has been highlighted by several 

studies included in this review. Parental involvement has been recognised as an important feature 

of behavioural programs, particularly in pre-adolescent children.

Meta-analysis in children under twelve years of age showed that family-targeted behavioural lifestyle 

interventions decreased BMI-SDS more than did standard care at six months follow up. The effect 

size was small but statistically significant and clinically relevant. In these studies new behavioural 

interventions were compared to established standard care, thus providing an additional effect. The 

effect size found in meta-analysis at 12 months was no longer significant, although decreases in 

BMI-SDS persisted in the three pooled studies. In adolescents, a similar pattern was seen, albeit 

with an even greater effect size, given that behavioural interventions were compared to a self- help 

condition. In adolescents the effect size remained significant at 12 months after beginning of the 

intervention, demonstrating that beneficial effects of the behavioural program persisted in the 

longer-term. In addition, in the meta-analyses of included drug trials, both orlistat and sibutramine, 

as an adjunct to a lifestyle intervention, led to significant improvements in adiposity in adolescents, 

although a range of adverse events was also noted.

It is important to note that interventions to reduce obesity may vary in effect depending on the 

age of the child, due to differences in metabolism, nutritional needs, physical maturation and 

No. of studies No. of participants Mean difference in

 absolute BMI

Children 12 years and older

- Orlistat: change in BMI at 6 months follow up 2 579 -0.76 [-1.07, -0.44]

- Sibutramine: change in BMI at 6 months follow up 2 111 -2.21 [-2.92, -1.50]

37972_SOV-Proefschrift-hfdst.1.indd   93 27-05-2011   09:49:51



Chapter 7
Interventions for treating obesity in children 
Cochrane Review

Determinants of HbA1c in non-diabetic children and adults

psycho-social development throughout childhood. Some studies reported delivering interventions 

separately to different age groups. Three studies developed interventions in line with their target 

group behaviour, such as a phone or internet-based facility or peer-enhanced activity training. It is 

very likely that the level of parental involvement will change with age and developmental stage. 

Therefore it is a priority to develop interventions that account for these differences throughout 

child and adolescent development. An important finding in this review was the lack of interventions 

for preschool-aged children and the relatively low number of lifestyle interventions targeted at 

adolescents.

Most studies were underpowered (44 out of 64 randomised less than 30 children to at least one 

group) and only 15 out of 54 lifestyle studies reported power calculations. In these circumstances 

it is possible that small study biases will arise, in particular a tendency to publish positive studies 

more than negative studies. As so few common interventions could be pooled it was not feasible 

to examine this formally using Funnel plots and Begg and Eggar tests. Most studies did not account 

for missing data in analyses and less than half of all included studies performed analysis based on 

intention-to-treat principles. This might be an important issue, since many of the studies dealt with 

high dropout rates; only 31 studies reported follow up of more than 80% of the baseline participants. 

It is possible that participants with a successful intervention experience or outcome may be more 

likely to return for follow up assessments, whereas participants who fail to change their adiposity 

status may not return for follow-up, leading to an overestimation of the treatment effect. However, 

in most studies dropout rates were not significantly different between comparison groups. 

A new feature in this update was the inclusion of drug interventions and the consideration of 

surgical interventions for the treatment of adolescent obesity. While no surgical study met the 

inclusion criteria, several drug interventions were ultimately included in the review. In comparison 

with the lifestyle interventions, the drug trials generally met more of the CONSORT criteria9 and 

several had relatively large sample sizes. We were also able to undertake meta-analyses for two of 

the drug interventions (orlistat and sibutramine). The adverse event profile of the drug trials was 

well documented.

The proposed relationship between treating obesity and eating disorders, particularly in young 

populations, is a vital area of consideration. In this review ten lifestyle studies that reported on 

measures of disordered eating, did not find any adverse changes. However, obesity treatments 

should make assessments of potential unintended effects since there is a lack of data on this aspect 

of treating obesity in children and adolescents. 
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While we agree that research in the area of obesity treatment is difficult to conduct, this must be 

considered against a background which acknowledges that obesity is now considered to be a global 

epidemic10. Halting this epidemic may ultimately be determined by the quality and co-ordination 

of a range of obesity treatment initiatives, alongside an effective obesity prevention strategy. It 

is desirable, from both ethical and fiscal perspectives, to understand how interventions can most 

effectively and appropriately halt the population trend to fatness. However, the heterogeneity of 

data at hand make it difficult to conclude that one particular strategy, or combinations of strategies, 

is or are more important than others in the treatment of child and adolescent obesity, although 

several strategies appear promising. The mismatch between the high prevalence and significance 

of the condition and the limited knowledge base from which to inform treatment strategies remains 

a feature of this review. The potential outcome of effective obesity treatment interventions for 

children and adolescents include both short and long-term health benefits. Studies are needed that 

are designed to disentangle the relative importance and effects of targeted antecedent behaviours 

in paediatric obesity treatment. In addition, study designs must adopt current knowledge regarding 

the most appropriate theoretical underpinnings of behavioural change. When interpreting the results 

of such studies the role of general health promotion programmes as potential confounding factors 

needs to be assessed. In assessing drug interventions in adolescents, the adjunctive role of lifestyle 

change interventions needs to be further investigated, and the effectiveness of intervention needs 

to be weighed up against the impact of potential adverse events. The role of surgical interventions 

in severely obese older adolescents also requires detailed study. All such issues are important in 

terms of identifying the most cost-effective and sustainable range of interventions.

In conclusion, while there is relatively limited quality data to ascertain which type of intervention 

is more effective than another in child and adolescent obesity treatment programs, this updated 

review allows us to be more confident about which strategies are potentially useful. A combined 

dietary, physical activity and behavioural component appears effective. Family-based, lifestyle 

interventions with a behavioural program provide significant and clinically meaningful decrease 

in obesity in both children and adolescents compared to standard care or self-help in the short- 

and the long-term. In obese adolescents, consideration should be given to the use of either orlistat 

or sibutramine, in the context of a lifestyle change program, although such therapy needs to be 

carefully weighed up against the potential for adverse events.
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ABSTRACT

Background: Obesity is a well-known problem in children with acute lymphoblastic leukemia (ALL), 

and it might be the result of an excess in energy intake, reduced energy expenditure, or both. The 

aim of this study is to describe energy intake and physical activity during treatment for ALL with 

intermittent dexamethasone (DEXA).

Methods:  Body mass index (BMI), energy intake, and physical activity were measured in 16 ALL 

patients on maintenance treatment and in 17 healthy controls. ALL patients were measured during 

(“on DEXA”) and in between (“off DEXA”) DEXA treatments.

Results:  In patients, the mean increase in BMI z-score was 1.4 ± 1.1. Energy intake on DEXA was 

higher (2,125.9 ± 476.0 vs. 1,775.1 ± 426.1 kcal/24 h, p < 0.05) and energy intake off DEXA was 

lower (1,305.0 ± 249.4 vs. 1,775.1 ± 426.1 kcal/24 h, p < 0.05), compared to healthy controls. Physical 

activity on DEXA was lower compared to healthy controls (30.0 ± 3.9 vs. 40.0 ± 6.0 kcal kg−1 24 h−1, 

p < 0.001 and 7,303.1 ± 4,622.9 vs. 13,927.2 ± 3,822.7 steps, p < 0.05). Physical activity off DEXA was 

not different compared to healthy controls.

Conclusion:  Weight gain in patients on ALL treatment might be owing to increased energy intake 

and decreased physical activity during treatment with DEXA.
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INTRODUCTION

Along with the gradually increasing survival rates in childhood acute lymphoblastic leukemia 

(ALL), there is growing concern about the quality of survival and the late effects of therapy. One 

major problem in childhood ALL is weight gain during treatment, resulting in obesity1,2. Possible 

underlying mechanisms are treatment with corticosteroids3, growth hormone deficiency following 

cranial irradiation4, and reduced habitual physical activity5. Obesity in general is caused by a 

sustained imbalance between energy intake and energy expenditure. Regarding the development 

of obesity during treatment of ALL, it is not clear whether it is due to an excess in energy intake, 

reduced energy expenditure, or a combination of both. The aim of this study is to describe energy 

intake and physical activity in ALL patients during and in between dexamethasone (DEXA) courses.

METHODS

Patients were eligible if they were at least 4 years of age and if they were in the maintenance phase of 

treatment for childhood ALL with a regimen including intermittent DEXA, i.e., the Dutch Childhood 

Oncology Group protocols ALL-9, ALL-10, or ALL-relapse 1998. Dosages of DEXA were 6 mg m−2 

day−1 during 14 days in ALL-9, 6 mg m−2 day−1 during 5 days in ALL-10 medium risk, 10 mg m−2 day−1 

during 14 days in the consolidation phase of ALL-10 standard risk, and 6 mg m−2 day−1 during 7 days 

in ALL-relapse’98. Courses with DEXA alternated with courses without DEXA. Siblings nearest in age 

or friends were invited to participate as healthy controls. Participants were included if they had 

no coexisting conditions relevant to energy balance, e.g., diabetes mellitus or physical disability. 

The protocol was approved by the Ethics Committee of the University Medical Centre Groningen. 

Informed written consent was obtained from the parents of each child enrolled in the study and 

from participants from the age of 12 years.

Anthropometry and body composition 

Standing height, to the nearest 0.1 cm, and weight, to the nearest 0.05 kg, were measured. Body 

mass index (BMI) (kg/m2) was calculated as weight divided by height squared. BMI z-scores were 

calculated as (BMI − <BMI>)/SD, <BMI> and SD being the mean BMI and standard deviation for the 

subject’s age and sex, according to normative data from the Fourth Dutch Growth Study (1997)6. 

Patients’ BMI and BMI z-score at diagnosis were calculated retrospectively using medical records.
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Energy intake and physical activity 

Energy intake and physical activity were measured, concurrently, twice over two consecutive days 

(i.e., overall, 4 days) “on DEXA” and twice over two consecutive days “off DEXA” in patients and over a 

random 4-day period in controls.

Energy intake was measured using a dietary diary filled in by the parents. Food intake data 

were converted to energy intake (kcal) using nutritional analysis software (Eetmeter 2002©, The 

Netherlands Nutrition Centre, The Hague) based on the database of the chemical composition of 

foods in the Netherlands (NEVO, Netherlands Food Composition chart, 2001). Physical activity was 

measured by a proxy report (developed and validated for this age group by TNO Prevention and 

Health, Leiden, The Netherlands) and a pedometer. The parents reported all their children’s activities 

and their durations. By multiplying the duration of the different activities by the matching intensity 

score, based on Ainsworth’s Compendium of Physical Activities 2000, in which metabolic equivalent 

task values are assigned to physical activities, we estimated the physical activity7. In addition, we 

measured physical activity using a pedometer, the Digiwalker SW200®. This is a simple, inexpensive, 

but valid method to assess physical activity in this age group8. Participants wore the pedometers on 

their waists and registered the number of daily steps.

Data analysis 

BMI and BMI z-scores at diagnosis vs. BMI and BMI z-score at the time of the study and mean daily 

energy intake and physical activity on DEXA vs. off DEXA were analyzed with the paired-sample 

t-test. Differences between patients and controls were analyzed with analysis of covariance to adjust 

for age and gender. Difference in mean BMI z-score between patients and controls was tested by 

Student’s t-test. P-values less than 0.05 were considered statistically significant. All the analyses were 

carried out with SPSS 12.0.2 for Windows.
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RESULTS

Nineteen patients fulfilled the inclusion criteria; the parents of three patients refused participation 

because of a lack of time. The remaining 16 patients and 17 healthy controls entered the study. 

Characteristics of the participants are summarized in Table 1. There was no difference in BMI 

z-score at the time of study between the patients who participated and the patients who refused 

participation. As keeping the dietary diaries and the activity reports appeared to be very time-

consuming, not all parents managed to complete the program fully. The parents of five patients 

filled in the dairies during one 2-day period on DEXA instead of two 2-day periods and one 2-day 

period off DEXA instead of two 2-day periods. Parents of seven healthy controls filled in the dairies 

during 2 or 3 days instead of four. Mean energy intake and physical activity were calculated for days 

with complete registration.

BMI and BMI z score

In patients, mean BMI and mean BMI z-scores at the time of the study were higher than at diagnosis. 

Mean increase in BMI z-score was 1.4 ± 1.1. Mean BMI z-score at the time of the study was higher in 

patients compared to controls (Table 1).

Energy intake and physical activity in patients: “on steroids” vs. “off steroids”

In patients, mean energy intake on DEXA was higher than mean energy intake off DEXA. On the 

other hand, mean physical activity, measured by proxy report as well as by pedometer, was lower 

on DEXA compared to off DEXA (Table 1).

Energy intake and physical activity: patients vs. healthy controls

Mean energy intake in patients on DEXA was higher compared to that of healthy controls, but 

mean energy intake in patients off DEXA was lower compared to healthy controls (Table 1).  Mean 

physical activity measured by proxy report and measured by pedometer was lower in patients on 

DEXA compared to healthy controls. Mean physical activity measured by both proxy reports and 

pedometer in patients off DEXA was not significantly different compared to mean physical activity 

in healthy controls.
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Table I. Characteristics of patients (n = 16) and controls (n = 17)

Abbreviations: ALL, acute lymphoblastic leukemia; SR, standard risk; MR, medium risk; BMI, body mass index
*p < 0.05 vs. patients at the time of study; **p < 0.001 vs. patients at the time of study; 
***p < 0.05 vs. patients on steroids; ****p < 0.001 vs. patients on steroids; 
*****p < 0.05 vs. controls (adjusted for age + gender); ******p < 0.001 vs. controls (adjusted for age + gender)

Patients Controls

On steroids Off steroids

Median age (yr.) 5.8 (4.2–15.3) 7.1 (4.0–16.7)

Median age at diagnosis (yr.) 4.3 (2.4–14.3) –

Median interval from diagnosis (yr.) 1.7 (0.4–2.2) –

Boys (n) 9 8

Girls (n) 7 9

Treatment regimen (n) –

ALL-9 9

ALL-10 SR 2

ALL-10 MR 3

ALL-relapse 2

Mean BMI (kg/m2) 18.4 ± 3.0 17.3 ± 3.7

Mean BMI z score 1.1 ± 1.2 0.2 ± 1.1*

Mean BMI at diagnosis (kg/m2) 15.6 ± 1.6** –

Mean BMI z score at diagnosis −0.4 ± 0.9** –

Mean change in BMI z score 1.4 ± 1.1 –

Mean energy intake (kcal/24 h) 2,125.9 ± 476.0***** 1,305.0 ± 249.4****,***** 1,775.1 ± 426.1

Mean physical activity (kcal kg−1 24 h−1) 30.0 ± 3.9****** 38.8 ± 6.1**** 40.0 ± 6.0

Mean physical activity (steps/24 h) 7,303.1 ± 4,622.9****** 11,376.7 ± 5,471.8*** 13,927.2 ± 3,822.7
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DISCUSSION

We found increased energy intake and decreased physical activity in children with ALL during 

treatment with DEXA compared to energy intake and physical activity during treatment without 

DEXA. Energy intake on DEXA was higher compared to energy intake in healthy controls. Energy 

intake off DEXA was lower compared to energy intake in healthy controls. Physical activity in ALL 

patients on DEXA was lower than physical activity in healthy controls, whereas physical activity off 

DEXA was not significantly different from physical activity in healthy controls. This is in accordance 

with the clinical observation that many ALL patients are inactive and feel depressed while on steroids. 

The increase in BMI z-score in patients between diagnosis and the time of the study confirms the 

clinical observation of weight gain in ALL patients on treatment with intermittent DEXA. Our study 

suggests that this weight gain might be the result of increased energy intake in combination with 

decreased physical activity during DEXA.

Energy intake during the maintenance phase of childhood ALL treatment has been studied scarcely. 

Reilly et al. found an increased energy intake in ALL patients during treatment with glucocorticoids9. 

However, they did not compare energy intake data in patients to those in healthy children. Bond et 

al. measured energy intake in ALL patients, just before a monthly vincristine and prednisone course. 

They found no differences in energy intake between ALL patients and healthy controls10.

We found a decreased physical activity during DEXA courses compared to physical activity in 

healthy controls. These results are in accordance with those of Aznar et al., who also found a lower 

physical activity in ALL patients compared to healthy controls11. As far as we know, there are no 

further studies on physical activity measured in ALL patients on treatment. Most studies on physical 

activity in ALL patients were performed after completion of therapy12,13.

Our study has some limitations. The number of patients was only small. However, despite the small 

number, our results are supported by statistical analysis. All parents were highly motivated to 

participate in the study as they all recognized the problem of ongoing weight gain. Nevertheless, 

it appeared to be quite difficult to complete all the diaries, resulting in missing data. Finally, we did 

not evaluate the possible confounding effects of the cytostatic drugs that also form part of ALL 

treatment protocols.

Summarizing, we found an increased energy intake and a decreased physical activity in ALL patients 

during treatment with DEXA. The combination of high energy intake and low physical activity may 

contribute to the weight gain observed in childhood ALL patients during treatment. Therefore, 

physical activity should be encouraged, especially during treatment with DEXA. Further studies, to 

confirm our findings and to evaluate the effect of physical activity stimulation on obesity in children 

with ALL, are warranted.
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SUMMARY
SUMMARY

HbA1c is formed through the non-enzymatic attachment of glucose to the NH2-terminal of the 

β-chain of haemoglobin. This reaction, called glycation, begins during erythropoiesis and continues 

slowly throughout the lifespan of haemoglobin in the circulation. Because, erythrocytes are freely 

permeable to glucose, the level of HbA1c in a blood sample provides a glycaemic history of the 

previous 120 days, the average erythrocyte lifespan. 

HbA1c has been firmly established as an index of long term glucose concentrations and as a measure 

of the risk for the development of complications in patients with diabetes mellitus. Recently, an 

international expert committee officially recommended using HbA1c as indicator for the diagnosis of 

diabetes. In addition, several studies have shown an association between HbA1c and cardiovascular 

risk in people without diabetes and it is known that cardiovascular risk accumulates over the life 

course. Consequently, an increased use and also a different way of using HbA1c can be expected. 

Therefore, it is important to get better insight in the normal distribution of HbA1c in non-diabetic 

children of all ages and to increase the knowledge about all the factors, environmental as well as 

genetic, determining HbA1c in non-diabetic persons from childhood onwards. 

The main aim of this thesis is to investigate determinants of HbA1c in non-diabetic children and 

adults. 

Chapter 2 presents the results of the study to the distribution of HbA1c in 8-12 month-old non-

diabetic infants and potential predictors of HbA1c in this age group. In this study HbA1c, measured in 

86 non-diabetic infants participating in the Groningen Expert Center for Kids with Obesity (GECKO)-

Drenthe birth cohort, was normally distributed with a mean (SD) HbA1c of 5.38% (0.24), range 

4.8-6.0% or 35.29 mmol/mol (2.65), range 29.1-42.1 mmol/mol. Age, sex, birth weight, duration of 

breastfeeding, anthropometric measurements and maternal body mass index (BMI) were all not 

associated with HbA1c. We conclude from this study that HbA1c is normally distributed in non-diabetic 

infants, with a relatively high mean HbA1c of 5.38%, and that there is no association between risk 

factors for type 2 diabetes and HbA1c in non-diabetic infants at this age. 

In chapter 3 we describe the results of our study to the distribution and determinants of HbA1c in 

non-diabetic Dutch children aged 8-9 years. In a group of 788 non-diabetic children aged 8-9 years 

participating in the PIAMA birth cohort study we found a normally distributed HbA1c with a mean 

(SD) of 4.9% (0.33), range 3.5-6.0%. HbA1c was significantly higher in boys and in children of mothers 

with gestational diabetes, and we found an inverse association between haemoglobin and HbA1c. 

These results suggest that HbA1c may not only reflect the preceding blood glucose levels, but seems 

to be determined by other factors as well.   
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Chapter 4 presents the associations of (lifestyle) determinants with HbA1c at age 12 years and the 

effects of growth on change in HbA1c between the age of 8 and 12 years. For this study HbA1c was 

measured in 955 non-diabetic children participating in the PIAMA birth cohort study, of which in 

363 children HbA1c was also measured at the age of 8 years. No significant association between 

known risk factors for insulin resistance and HbA1c was found at age 12 years. The mean (SD) change 

in HbA1c between age 8 years and age 12 years was 0.6 (0.7) mmol/mol per year. HbA1c showed to be 

fairly stable over time, since 68.9% of the children remained in the same quintile or had an HbA1c one 

quintile higher or lower at age 8 years compared to age 12 years. Anthropometric measures at age 8 

and the change in anthropometric measures between age 8 and 12 years were not associated with 

the change in HbA1c. From this study can be concluded that HbA1c in non-diabetic children is fairly 

stable over time, and seems to be determined by factors which are also fairly constant over time. The 

lack of association between know risk factors for insulin resistance and HbA1c suggests again that 

HbA1c in non-diabetic children is relatively unaffected by factors associated with glycaemia. 

Chapter 5 provides the associations of “environmental” factors, genetic loci, and gene-environment 

interactions with HbA1c in 2,921 non-diabetic Dutch adults from the LifeLines cohort study. In this 

study population, we found age, gender, BMI, fasting plasma glucose (FPG), mean corpuscular 

haemoglobin (MCH), mean corpuscular haemoglobin concentration (MCHC), current smoking 

and alcohol consumption to be independently associated with HbA1c. A full predictive model with 

these eight “environmental” factors explained 26.2% of the variance in HbA1c and FPG contributed 

only less than half to this explained variance namely 10.9%. In addition, association between three 

out of 12 previously identified single-nucleotide polymorphisms (SNPs) could be replicated in our 

study population. The calculated genetic risk scores (GRSs) (calculated by adding up the weighted 

effect of HbA1c-increasing alleles) were also independently associated with HbA1c and explained 

0.2% of the variance in HbA1c. We categorized the 12 previously identified SNPs in “glycaemic” and 

“non-glycaemic” SNPs according to the presumed way they act on HbA1c and calculated GRSs for 

these two groups of SNPs separately. The effect of the “non-glycaemic GRS” appeared to be lower in 

females compared to males and there was an attenuation of the effect of the GRS of all 12 SNPs with 

increasing BMI. All these results suggest that HbA1c is determined by other factors besides preceding 

glucose levels which raises serious questions about the use of HbA1c for diagnosing diabetes.

An international expert committee recently recommended the use of HbA1c for diagnosing diabetes. 

Chapter 6 comprises the general discussion in which I discuss important limitations of HbA1c as 

diagnostic test for diabetes. Finding the best way to diagnose diabetes has been a challenge for many 

years. The diagnosis based on the development of complications caused by the hyperglycaemia 
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instead of the hyperglycaemia itself is probably most clinical useful, and since HbA1c is firmly 

established as a measure of the risk for the development of complications, the use of HbA1c for 

diagnosing diabetes seems to be a logical step. But there are important limitations of the use of an 

HbA1c level ≥ 6.5% for diagnosing diabetes.

Firstly, evidence suggests that there is a continuous relationship between HbA1c levels and 

cardiovascular complications, even in the non-diabetic range. A cut point at 6.5% would lead to 

under treatment of a lot of people at risk for cardiovascular disease.

In addition, other factors besides glycaemia seem to determine HbA1c including e.g. the “glycation 

gap”. But also genetic factors, erythrocyte lifespan, age and ethnicity influence HbA1c independent of 

plasma glucose levels. Substantial effects of these factors on HbA1c levels, independent of glycaemia, 

will have important consequences for the use of HbA1c as diagnostic tool for diabetes. And finally, 

some practical considerations like variant haemoglobins, assay imprecision and costs, and the delay 

in diagnosis argue against the use of HbA1c for diagnosing diabetes.

In conclusion, HbA1c has great perspectives for the use as a continuous marker for cardiovascular 

risk, probably even in patients without as well as in patients with diabetes. But, the results presented 

in this thesis show that the observed variation in HbA1c caused by other factors besides glycaemia 

makes it not suitable for dichotomizing and thereby diagnosing diabetes. 

Child and adolescent obesity is increasingly prevalent, and can be associated with significant short- 

and long-term health consequences. It is acknowledged as an important determinant of insulin 

resistance and thereby higher levels of glycaemia and HbA1c.  There is only limited evidence on risk 

factors and treatment of obesity in children. 

Chapter 7 and chapter 8 are two supplemental chapters concerning childhood obesity. 

Chapter 7 covers a summary of the results of the Cochrane review we conducted to assess the 

efficacy of a range of interventions designed to treat obesity in children and adolescents. For this 

review eight databases were searched from 1985 to may 2008. Randomised controlled trails (RCTs) 

of lifestyle (i.e. dietary, physical activity and/or behavioural therapy), drug and surgical interventions 

for treating obesity in children with a minimum of six months follow up were selected and two 

reviewers independently assessed trial quality and extracted data. We included 64 RCTs with 5,230 

participants. Meta-analyses indicated a reduction in overweight at 6 and 12 months follow up in: 

i) lifestyle interventions involving children (<12 years); and ii) lifestyle interventions in adolescents 

(> 12 years) with or without the addition of orlistat or sibutramine. A range of adverse effects was 

noted in drug RCTs. While there is limited quality data to recommend one treatment program to 

37972_SOV-Proefschrift-hfdst.1.indd   108 27-05-2011   09:49:55



Determinants of HbA1c in non-diabetic children and adults

108 - 109

be favoured over another, this review shows that combined behavioural lifestyle interventions can 

produce a significant and clinically meaningful reduction in overweight in children and adolescents. 

In obese adolescents, consideration should be given to the use of either orlistat or sibutramine, 

as an adjunct to lifestyle interventions, although this approach needs to be carefully weighed up 

against the potential for adverse effects.

Chapter 8 provides the results of our study to energy intake and physical activity during treatment 

for acute lymphoblastic leukaemia (ALL) with intermittent dexamethasone (DEXA), to explain the 

weight gain seen in children treated for ALL. For this study BMI, energy intake, and physical activity 

were measured in 16 ALL patients on maintenance treatment and in 17 healthy controls. ALL 

patients were measured during (“on DEXA”) and in between (“off DEXA”) DEXA treatments. We found 

a mean (SD) increase in BMI z-score of 1.4 (1.1) in ALL patients. Energy intake on DEXA was higher 

and energy intake off DEXA was lower compared to healthy controls. Physical activity on DEXA was 

lower compared to healthy controls, while no difference was found between physical activity off 

DEXA and healthy controls. We concluded from these results that the weight gain seen in patients 

on ALL treatment might be owing to increased energy intake and decreased physical activity during 

treatment with DEXA.
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HbA1c  ontstaat door de versuikering van hemoglobine, het belangrijkste bestanddeel van rode 

bloedcellen. In het bloed bindt een glucosemolecuul (niet-enzymatisch) met een aminozuur van de 

β-keten van hemoglobine. Deze reactie gaat door tijdens de gehele levensduur van hemoglobine in 

de circulatie. Omdat rode bloedcellen vrij permeabel zijn voor glucose, geeft de HbA1c waarde een 

beeld van de gemiddelde glucose concentratie in het bloed over de afgelopen 120 dagen, zijnde de 

gemiddelde levensduur van rode bloedcellen.

HbA1c wordt op dit moment gebruikt als maat voor de gemiddelde glucoseconcentratie over 

langere tijd en tevens als voorspeller van het risico op het ontwikkelen van complicaties bij mensen 

met diabetes. Onlangs heeft een internationaal expert comité officieel aangeraden om HbA1c ook te 

gaan gebruiken om diabetes te diagnosiceren. Tevens hebben meerdere studies bij mensen zonder 

diabetes een associatie aangetoond tussen de hoogte van het HbA1c en het risico op het ontwikkelen 

van cardiovasculaire ziekten, en het is bekend dat dit cardiovasculaire risico accumuleert gedurende 

het verloop van het leven. Dientengevolge kan men een toename en een verandering in het gebruik 

van HbA1c verwachten. Om die reden is het belangrijk meer inzicht te krijgen in de normale verdeling 

van HbA1c bij kinderen van alle leeftijden zonder diabetes. Tevens is het belangrijk de kennis over 

alle factoren die het HbA1c bepalen, de zgn. determinanten, te vergroten. 

Het belangrijkste doel van dit proefschrift is het onderzoeken van determinanten van HbA1c bij 

kinderen en volwassenen zonder diabetes.

Hoofdstuk 2 geeft de resultaten weer van onze studie naar de verdeling van HbA1c bij 8-12 maanden 

oude zuigelingen. Voor deze studie werd HbA1c gemeten bij 86 zuigelingen zonder diabetes 

die allen deelnamen aan het Groningen Expert Center for Kids with Obesity (GECKO)-Drenthe 

geboortecohort. In deze groep zuigelingen was het HbA1c normaal verdeeld met een gemiddeld 

(SD) HbA1c van 5.38% (0.24), en een range van 4.8-6.0% (of een gemiddeld (SD) HbA1c van 35.29 

mmol/mol (2.65), en een range van 29.1-42.1 mmol/mol). Leeftijd, geslacht, geboortegewicht, 

duur van de borstvoeding, anthropometrie and body mass index (BMI) van de moeder waren 

allen niet geassocieerd met HbA1c. We concluderen uit deze studie dat HbA1c normaal is verdeeld 

bij zuigelingen zonder diabetes, met een relatief hoog gemiddeld (SD) HbA1c van 5.38% (0.24), en 

voorts dat er geen associatie is tussen bekende risicofactoren voor type 2 diabetes en HbA1c bij 

zuigelingen zonder diabetes.

In hoofdstuk 3 beschrijven we de resultaten van ons onderzoek naar de verdeling en determinanten 

van HbA1c bij Nederlandse kinderen van 8-9 jaar oud zonder diabetes. In een groep van 788 kinderen 

zonder diabetes die allen deelnamen aan de PIAMA geboortecohort studie vonden we dat HbA1c 

normaal verdeeld was met een gemiddeld (SD) HbA1c van 4.9% (0.33), range 3.5-6.0. HbA1c was 
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significant hoger bij jongens en bij kinderen van moeders met zwangerschapsdiabetes en er was 

een negatieve associatie tussen hemoglobine en HbA1c. Deze resultaten suggereren dat HbA1c 

niet alleen de voorafgaande bloed glucose concentraties weergeeft, maar dat HbA1c tevens wordt 

bepaald door andere niet-glycemische factoren. 

Hoofdstuk 4 geeft de resultaten weer van onze studie naar de associatie tussen (lifestyle)

determinanten en HbA1c op de leeftijd van 12 jaar en het effect van groei op de verandering in HbA1c 

tussen de leeftijd van 8 en 12 jaar. Voor deze studie werd HbA1c gemeten bij 955 kinderen zonder 

diabetes die allen deelnamen aan de PIAMA geboortecohort studie. Bij 363 van deze kinderen was 

tevens een HbA1c gemeten op de leeftijd van 8 jaar. In deze studie werd er geen significante associatie 

gevonden tussen bekende risicofactoren voor insuline resistentie en HbA1c op de leeftijd van 12 jaar. 

De gemiddelde (SD) verandering in HbA1c tussen de leeftijd van 8 en 12 jaar was 0.6 (0.7) mmol/mol 

per jaar. HbA1c bleek redelijk constant over de tijd omdat 68.9% van de kinderen in hetzelfde quintiel 

bleven of een HbA1c hadden in één quintiel hoger of lager op 8-jarige leeftijd in vergelijking met op 

12-jarige leeftijd. Zowel anthropometrische maten als de verandering in anthropometrische maten 

waren niet geassocieerd met de verandering in HbA1c. Uit de resultaten van deze studie kan worden 

geconcludeerd dat HbA1c bij kinderen zonder diabetes redelijk stabiel is over de tijd, en dat HbA1c 

wordt bepaald door factoren die ook redelijk constant zijn over de tijd. Het gebrek aan associaties 

tussen bekende risicofactoren voor insuline resistentie en HbA1c suggereert wederom dat HbA1c bij 

kinderen zonder diabetes relatief weinig wordt beïnvloed door glycemische factoren.

Hoofdstuk 5 geeft de resultaten weer van de studie naar de associatie tussen “omgevingsfactoren”, 

genetische factoren, en gen-omgevingsinteracties en HbA1c bij 2.921 Nederlandse volwassenen 

zonder diabetes allen deelnemend aan de LifeLines cohort studie. In deze populatie vonden 

we dat leeftijd, geslacht, BMI, nuchter plasma glucose, MCH (mean corpuscular haemoglobin), 

MCHC (mean corpuscular haemoglobin concentration), roken en alcohol consumptie allemaal 

onafhankelijk geassocieerd zijn met HbA1c. Een volledig model met deze acht “omgevingsfactoren” 

verklaarde 26.2% van de variantie in HbA1c en nuchter plasma glucose droeg slechts minder dan de 

helft bij aan deze verklaarde variantie, namelijk 10.9%. Tevens konden we de associatie tussen drie 

van de 12 eerder geïdentificeerde single-nucleotide polymorphisms (SNPs) en HbA1c repliceren. De 

berekende genetische risico scores (GRSs) (berekend door het optellen van het gewogen effect van 

de HbA1c-verhogende allelen) waren onafhankelijk geassocieerd met HbA1c en verklaarden 0.2% 

van de variantie in HbA1c. We categoriseerden de 12 eerder geïdentificeerde SNPs in “glycemisch” 

en “niet-glycemisch” overeenkomstig de verwachte manier waarop ze HbA1c beïnvloeden en we 

berekenden GRSs voor deze twee groepen apart. Het effect van de “niet-glycemische GRS” bleek 
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kleiner bij vrouwen dan bij mannen en er was een afname van het effect van de GRS van alle 12 

SNPs bij een toename in BMI. Al deze resultaten suggereren dat HbA1c wordt bepaald door andere 

factoren naast voorafgaande glucose concentraties, hetgeen serieuze vragen opwerpt over het 

gebruik van HbA1c voor het diagnosticeren van diabetes.

Een international expert comité heeft onlangs aangeraden HbA1c te gaan gebruiken bij het 

diagnosticeren van diabetes. 

Hoofdstuk 6 omvat een discussie waarin ik belangrijke tekortkomingen bespreek van HbA1c als 

diagnosticum voor diabetes. 

Het vinden van de beste manier om diabetes te diagnosticeren is een uitdaging geweest gedurende 

vele jaren. Het stellen van de diagnose op basis van het risico op het ontwikkelen van complicaties 

veroorzaakt door de hyperglycemie in plaats van de hyperglycemie zelf is hoogstwaarschijnlijk 

het meest klinisch relevant. En omdat HbA1c veel wordt gebruikt als maat voor het risico op het 

ontwikkelen van complicaties lijkt het gebruik van HbA1c voor het diagnosticeren van diabetes een 

logische stap. Er zijn echter belangrijke bezwaren tegen het gebruik van een HbA1c level ≥ 6.5% voor 

het stellen van de diagnose diabetes. 

Ten eerste heeft onderzoek aangetoond dat er een continue relatie bestaat tussen HbA1c en het 

optreden van cardiovasculaire complicaties ook in de niet-diabetische range van HbA1c. Een 

afkapwaarde van 6.5% leidt dus tot onderbehandeling van veel mensen at risk voor het ontwikkelen 

voor cardiovasculaire ziekten. Tevens lijken andere factoren naast glycemie van invloed te zijn op 

HbA1c, zoals bijvoorbeeld de “glycation gap”. Maar ook genetische factoren, de levensduur van rode 

bloedcellen, leeftijd en ethniciteit beïnvloeden HbA1c onafhankelijk van bloed glucose concentraties. 

Substantiële effecten van deze factoren op HbA1c zal belangrijke consequenties hebben voor 

het gebruik van HbA1c als diagnosticum voor diabetes. Tot slot zijn er ook een aantal praktische 

bezwaren, zoals hemoglobine varianten, assay imprecisie en kosten, en de vertraging bij het stellen 

van de diagnose, die tegen het gebruik van HbA1c voor het diagnosticeren van diabetes pleiten. 

Concluderend kan worden gesteld dat HbA1c grote mogelijkheden biedt als continue marker voor 

het bepalen van het cardiovasculaire risico, zowel bij patiënten met als bij patiënten zonder diabetes. 

Maar de resultaten weergegeven in dit proefschrift laten zien dat de variatie in HbA1c ook wordt 

veroorzaakt door andere factoren naast glycemie, en dit maakt HbA1c ongeschikt als diagnosticum 

voor diabetes.

Overgewicht komt steeds vaker voor bij kinderen en adolescenten, en is geassocieerd met ernstige 

gezondheidsproblemen op korte en lange termijn. Het is onder andere bekend dat overgewicht 

een belangrijke risicofactor is voor het ontwikkelen van insuline resistentie, ook bij kinderen. Deze 
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insuline resistentie leidt tot hogere bloedglucosewaarden en dus hogere HbA1c waarden. Er is slechts 

beperkte, eenduidige kennis over de risicofactoren en de juiste behandeling van overgewicht bij 

kinderen. 

Hoofdstuk 7 en hoofdstuk 8 zijn twee aanvullende hoofdstukken over overgewicht bij kinderen. 

Hoofdstuk 7 omvat een samenvatting van de resultaten van de Cochrane review die wij schreven 

met als doel de effectiviteit van verschillende interventies voor de behandeling van overgewicht 

bij kinderen en adolescenten te bepalen. Voor deze review werden acht databases doorzocht van 

1985 tot mei 2008. Randomised controlled trials (RCTs) naar de effecten van lifestyle veranderingen 

(te weten dieet, lichamelijke activiteit en gedragstherapie), medicijnen en chirurgische interventies 

voor de behandeling van overgewicht bij kinderen met een follow-up van minimaal zes maanden 

werden geselecteerd en twee reviewers bepaalden onafhankelijk van elkaar de kwaliteit van de 

trials en extraheerden de data. We includeerden uiteindelijk 64 RCTs met in totaal 5.230 deelnemers. 

Meta-analyses lieten een reductie zien in overgewicht na 6 en 12 maanden follow-up bij: i) life-

interventies bij kinderen (jonger dan 12 jaar); en bij ii) lifestyle-interventies bij adolescenten (ouder 

dan 12 jaar) met of zonder toevoegen van orlistat of sibutramine. Verschillende bijwerkingen 

werden genoemd in de medicatie RCTs. Ondanks dat er te beperkte data van voldoende kwaliteit 

beschikbaar is om één type behandeling aan te raden boven een andere behandeling, laat deze 

review wel zien dat een gecombineerde gedragsmatige lifestyle interventie kan leiden tot een 

significante en klinisch relevante afname in de mate van overgewicht bij kinderen en adolescenten. 

Bij obese adolescenten kan het toevoegen van orlistat of sibutramine aan de life-style interventie 

worden overwogen, hoewel deze keuze goed moet worden afgewogen tegen de potiëntele 

bijwerkingen van deze medicatie.

Hoofdstuk 8 beschrijft de resultaten van onze studie naar energie inname en lichamelijke activiteit 

tijdens de behandeling van acute lymfatische leukemie (ALL) met intermitterend dexamethasone 

(DEXA), met als doel een verklaring te vinden voor de toename in gewicht die vaak wordt gezien 

bij kinderen die behandeld worden voor ALL. Voor deze studie werden BMI, energie inname en 

lichamelijke activiteit gemeten bij 16 ALL patiënten die in de onderhoudsfase zaten van hun 

behandeling voor leukemie en bij 17 gezonde controle kinderen. ALL patiënten werden gemeten 

tijdens behandeling met dexamethasone (“on DEXA”) en op momenten van de behandeling zonder 

dexamethasone (“off DEXA”). We vonden een gemiddelde (SD) toename in BMI z-score van 1.4 (1.1) 

bij ALL patiënten. Energie inname on DEXA was groter, en de energie inname off DEXA was kleiner 

in vergelijking met de energie inname van de gezonde controle kinderen. Lichamelijke activiteit 

on DEXA was kleiner in vergelijking met gezonde controle kinderen, terwijl er geen verschil was 
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tussen de lichamelijke activiteit van de ALL patiënten off DEXA en gezonde controle kinderen. We 

concludeerden naar aanleiding van deze resultaten dat de toename in gewicht die vaak wordt 

gezien bij patiënten tijdens hun behandeling voor ALL mogelijk ontstaat door een toename in 

energie innamen en
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Het schrijven van een proefschrift is een uitdaging. Een “wedstrijd”, waarin goede momenten worden 

afgewisseld met tegenslagen. Een wedstrijd, weliswaar zonder directe tegenstander, maar waarbij 

een overwinning alleen is te behalen met een goed team. En daarom wil ik bij deze alle mensen 

bedanken die mij op enig moment in de afgelopen jaren hebben geholpen bij het schrijven van dit 

proefschrift. Ik ben trots op deze overwinning maar zonder jullie was het niet mogelijk geweest. 

Prof. dr. R.P. Stolk, beste Ronald, bedankt voor alles. Je hebt deze wedstrijd perfect geleid. Je liet 

doorspelen waar mogelijk, maar greep in en floot af als het nodig was. Bedankt voor alle geboden 

mogelijkheden. Ik heb ontzettend veel van je geleerd en ik weet nu hoe leuk en uitdagend de 

wetenschap kan zijn. Ik zal Groningen en de afdeling Epidemiologie echt gaan missen, maar zoals 

je weet de NS niet.

Dr. A. Postma, beste Liedeke, toen ik in 2005 bij jou begon met mijn eerste onderzoeksproject kreeg 

ik de kans een project helemaal vanaf het begin op te zetten. Van METc aanvraag tot het uiteidelijk 

schrijven van een paper, ik heb het allemaal samen met jou mogen doen en ik heb hier erg veel van 

geleerd. Bedankt voor de geweldige samenwerking en voor alle leuke momenten daarnaast.

Tevens wil ik prof. dr. W.A. Kamps en prof. dr. P.J.J. Sauer bedanken voor het meedenken over het 

onderzoek en het commentaar op de stukken.

Dr. A.H. Wijga, beste Alet, ondanks de afstand tussen Bilthoven en Groningen verliep onze 

samenwerking prima. Bedankt voor je altijd even snelle en goede commentaar op mijn stukken. Dr. 

S. Scholtens, beste Salome, onze samenwerking begon in Bilthoven en gelukkig konden we deze in 

Groningen voortzetten. Bedankt voor al je hulp en praktische tips bij het verwerken van de PIAMA 

data en bovenal bedankt voor de fijne samenwerking. 

Tevens wil ik alle andere co-auteurs van de PIAMA groep bedanken voor hun bijdragen aan de twee 

PIAMA papers. Ook Ada en Marieke wil ik bedanken. Ada, de databases waren altijd perfect in orde, 

super! Marieke, bedankt voor je snelle reacties op mijn praktische vragen. En natuurlijk wil ik ook 

alle andere mensen die betrokken zijn geweest bij de dataverzameling van PIAMA enorm bedanken 

voor al hun inzet. 

Prof. dr. H. Snieder, beste Harold, bedankt voor al je enthousiasme en voor je kritische maar altijd 

opbouwende commentaar op de stukken. Dr. I.M. Nolte, beste Ilja, genetische epidemiologie was 

even een andere tak van sport maar mede dankzij jouw hulp en uitleg heb ik er aardig een weg 

in kunnen vinden. Bedankt daarvoor. Prof. dr. Wolffenbuttel, bedankt voor uw klinische blik op de 

LifeLines paper en het beoordelen van het manuscript. En ook alle andere mensen die zich hebben 
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ingezet voor de dataverzameling van LifeLines, heel erg bedankt! 

“Tevens wil ik graag prof. dr. C. von Birgelen en de arts-onderzoekers van de afdeling Cardiologie 

van het Medisch Spectrum Twente bedanken voor de fijne samenwerking en de leuke tijd.

Uiteraard wil ik ook een aantal andere mensen van de afdeling Epidemiologie bedanken. Hans 

Burgerhof, Hans, bedankt dat ik altijd bij je terecht kon voor vragen over statistische analyses, jouw 

manier van uitleggen maakt (bijna) alles begrijpelijk. Aukje, Petra en Gert, bedankt voor jullie hulp 

bij allerlei praktische zaken. 

Eryn, Li, Anna, Silvia en Jelle, bedankt voor alle gezelligheid! Mireille, bedankt voor onze geweldige 

tijd op kamer E4.29. Hiltje, bedankt voor de geboden kans om mee te werken aan de Cochrane 

Review. Het was een immense klus, maar ik denk dat we trots mogen zijn op het resultaat. Bedankt 

voor je gastvrijheid en je vriendschap! Ingrid, we hebben een super leuke tijd gehad tijdens al onze 

tochtjes door het prachtige Drenthe. De samenwerking was altijd prima: ik achter het stuur en jij 

klaar voor het betere “prikwerk”, zo vormden we een goed team. Bedankt hiervoor, maar vooral 

bedankt voor al je steun, je vriendschap en alle gezellige momenten. Ik hoop dat er nog vele zullen 

volgen. 

Lieve Lindsay, Marlijn, Marieke en Marloes, bedankt dat jullie al zoveel jaren mijn vriendinnen zijn. 

Ondanks de afstand weet ik dat we er altijd voor elkaar zullen zijn! 

Lieve Linda R. en Linda van der M., ook jullie wil ik heel erg bedanken voor alle steun in de afgelopen 

jaren. Ik wil ook graag de vrienden uit Winterswijk bedanken voor de immer aanwezige belangstelling 

en interesse. En ik wil de dames van Fc Trias bedanken voor de broodnodige momenten van afleiding 
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