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Abstract—Technological advancements in diabetes has 
improved treatment possibilities. The big amount of data 
obtained from continuous glucose measurement (CGM) 
devices gave new investigation perspectives of blood glucose 
variation and other parameters connected to diabetic 
treatment. The aim of the paper is to investigate the 
relationship between age, duration of diabetes and sex of the 
patient with blood glucose levels measured with continuous 
glucose monitor. Blood glucose level was characterized with 
the relative time spent in hyper- and hypoglycaemia, central 
tendency (mean and median) and dispersion (standard 
deviation and interquartile range). These parameters were 
measured on n=58 Hungarian children suffering from type 
1 diabetes mellitus. The children were poorly controlled, 
with non-blinded continuous glucose monitor performed to 
optimize therapy. The univariate association between the 
aforementioned parameters was investigated with 
scatterplots (with non-parametric smoothing), linear and 
Spearman-ρ correlation coefficients. Multivariate structure 
was investigated with canonical correlation analysis. It was 
found that age and duration of diabetes was not significantly 
associated with any descriptor of blood glucose, but 
hemoglobin A1c (HbA1c) was positively associated with 
time spent in hyperglycaemia (but not with hypoglycaemia), 
with central tendency and with dispersion. The association 
with dispersion is likely a spurious relationship induced by 
the central tendency (as a confounder). We observed that 
the associations of the descriptors with HbA1c are non-
monotone, with a break in the positive correlation at 10%. 
We hypothesize that this is caused by the poor compliance of 
the patients, i.e. those in worse state increasingly “cheat” 
during CGM measurements, that is, they pay more attention 
to their blood glucose levels than what is usually done when 
no CGM measurement is present; therefore breaking the 
expected positive, monotone association. 

I. INTRODUCTION 
The normal blood glucose concentration level in the 

human body varies in a narrow range (4 - 6 mmol/l). If for 
some reason the human body is unable to control the 
normal glucose-insulin interaction (e.g. the glucose 
concentration level is constantly out of the above 
mentioned range), diabetes is diagnosed. 

The newest statistics of the World Health Organization 
(WHO) predict that the diabetes population will be 
doubled in the next 20 years (from 2010 to 2030) [1], 
which alarms diabetic societies to research more 
intensively this disease. 

New technological improvements in diabetes 
represented specially by continuous glucose monitoring 
(CGM) techniques allows a more precise follow-up of the 
blood glucose changes in the human body. By their 5 
minutes measurement time (288 measurements in one 
day) CGM possibilities have direct effect on short term 
monitoring, but questions raised also on long term effects. 
The most important indicator in this sense is represented 
by Hemoglobin A1c (HbA1c) that reflects the average 
glucose level of a patient over 120 days (the “life cycle” 
of hemoglobin) [2]. 

Correlation of HbA1c and blood glucose is well known, 
but CGM possibilities opened new horizons in this 
investigation [3]-[5]. The aim of the current paper is 
connected to this topic and analysis relationship between 
age, duration of diabetes and sex of the patient with blood 
glucose levels on type 1 diabetes Hungarian children. 

The paper is structured as follows. Section II presents 
the background of our measurements and the considered 
parameters, but also the statistical apparatus to be used. 
Section III highlights the results obtained that are 
discussed in Section IV. The paper ends with conclusions. 

II. MATERIALS AND METHODS 

A. Patient Data 
Investigated Hungarian children (n=58), suffering from 

type 1 diabetes mellitus (DM) were selected as a 
convenience sample from the 1st Department of 
Paediatrics of Semmelweis University (Budapest, 
Hungary) database, with continuous glucose monitoring 
(CGM) measurement data between July 2009 and 
February 2011. 

Patients were poorly controlled, with CGM performed 
to optimize therapy. CGM measurements were non-
blinded to the patients. 

CGM recordings were electronically processed and the 
following parameters were extracted from the time series 
of blood glucose (BG) measurements: 

• Time spent in hyperglycemia and hypoglycemia 
relative to the whole length of the recording 
(hypoglycaemia was defined as BG < 3.9 mmol/l, 
hyperglycaemia was defined as BG > 10 mmol/l) 
in [%]. 

• Central tendency of BG levels (quantified with 
mean and median BG) in [mmol/l]. 
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• Dispersion of BG levels (quantified with standard 
deviation and interquartile range of BG) in 
[mmol/l]. 

In addition to these, the following parameters were 
extracted for each patient from the electronic records of 
the hospital information system: 

• Sex [male/female], 
• Age [years], 
• Time since onset of diabetes [years], 
• HbA1C [%] 

at the time of the CGM measurement. 
Simple descriptive statistics of these parameters for the 

whole sample are presented in Table I. 

B. Statistical Analysis 
As already discussed, our aim was to analyze the 

connection between age, time since onset of diabetes, 
HbA1c and the already introduced descriptors of the CGM 
measurements. 

First, we performed this analysis pairwise (i.e. we 
analyzed the connection between every possible 
(altogether 1863 =⋅  pairs). As every variable was 
quantitative, measured on scale, this was essentially a 
question of correlation, which was investigated with 
graphical (scatterplot) and analytical (calculation of 
correlation coefficients) methods. To allow for the 
possible non-linear relationships, we calculated the 
Spearman-ρ correlation coefficient (a rank correlation 
coefficient that measures monotone connections generally, 
not only linear connections [6]) in addition to the 
traditional (Pearson-) linear correlation coefficient [7]. 
Also to facilitate the detection of non-linear connections, 
we plotted the LOWESS-estimators [8] for the non-
parametric regression between the investigated variables 
on the scatterplots. 95% confidence intervals for the 
regression will be also shown. 

To perform a more subtle analysis that incorporates the 
internal multivariate structure of the two data sets, we also 
performed a Canonical Correlation Analysis (CCA). 

 

TABLE I.   
MOST IMPORTANT DESCRIPTIVE STATISTICS OF THE INVESTIGATED 
PARAMETERS IN MEAN (MEDIAN) ± SD (IQR) [MIN-MAX] FORMAT 

Parameter Descriptive statistics 

Sex 37 female, 21 male 

Age 12,3 (12,5) ± 3,7 (5,8) [4 – 18] 

Duration of DM 5,03 (4) ± 3,53 (5,75) [0 – 18] 

HbA1c 8,6 (8,2) ± 1,5 (1,8) [5.9 – 12.1] 

Ratio of hypergly. 32,0 (30,8) ± 17,0 (21,4) [0.37 – 74.3] 

Ratio of hypogly. 1,10 (0,50) ± 1,40 (1,30) [0.00 – 4.66] 

Mean BG 8,85 (8,85) ± 1,28 (1,47) [5.97 – 12.0] 

Median BG 8,47 (8,40) ± 1,42 (1,88) [4.70 – 11.7] 

BG standard dev. 2,76 (2,81) ± 0,59 (0,62) [1.18 – 4.09] 

BG IQR 3,84 (3,90) ± 1,00 (1,05) [1.40 – 6.65] 

 
 

 
CCA aims to form linear combinations (called 

canonical variables) of the variables in two sets of data (in 
this case: descriptors of the BG measurements on the one 
hand, and age, duration of DM and HbA1c on the other 
hand) such that the correlation of the formed linear 
composites will be maximal [9]. (Further combinations 
can be formed by imposing a restriction that every 
canonical variable is uncorrelated with the previous 
canonical variables.) 

By inspecting the coefficients of these linear 
combinations, it is possible to draw conclusions on the 
common factors behind the two sets of data [10]. To 
practically achieve this, usually the correlation between 
the original variables and the canonical variables (the so-
called loadings) are visualized (typically for the first two 
canonical correlations) by plotting each original variable 
as a point on a two-dimensional plane, with the loadings 
being the coordinates. 

To test the significance of the canonical correlations, 
we calculated the classical F-approximation of the Wilks-
Λ test statistic [11], which provides sequential test for 
each canonical correlation. 

Drawback of this approach is its asymptotical nature 
(i.e. either a priori known multivariate normality is needed 
or large sample so that central limit theorem becomes 
effective). To mitigate this, we also calculated the 
significance for the Wilks-Λ test statistic based on 
permutation test [12]. 

C. Programs Used 
Statistical analysis and visualization was performed 

under the R statistical environment, version 1.15.1 [13]. 
Canonical correlation analysis was performed using the 
CCA library [14] and CCP library [15]. 

The R script developed for this purpose is available at 
the corresponding author on request. 

 

III. RESULTS 
Scatterplots from the pairwise analyses are shown on : 
• Figure 1 (hyper- and hypoglycaemia) 
• Figure 2 (central tendency of BG) 
• Figure 3 (dispersion of BG). 
The (asymmetric) correlation matrices between the two 

sets of variables are shown on: 
• Table II (Pearson linear correlation coefficient) 
• Table III. (Spearman-ρ correlation coefficient) 

with p-values for the null hypothesis of no correlation. 
Canonical correlations between the two sets of variables 

were ρ1=0.5593, ρ2=0.2572 and ρ3=0.1567. 
Unfortunately, p-value for the Wilks-Λ was 0.1445 
(asymptotical), 0.1602 (permutation test) even for the first 
canonical correlation, so we were not able to detect any 
significant canonical correlation. 

In the light of these, we used the already described 
graphical method purely descriptively, i.e. to perform a 
visualization of the data, the result of which is shown on 
Figure 4. 
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TABLE II.   
ASYMMETRIC CORRELATION MATRIX OF THE INVESTIGATED 

PARAMETERS (LINEAR CORRELATION COEFFICIENT WITH 
SIGNIFICANCE) 

  Age DM 
length HbA1C 

Ratio of hypergly. 
r -0,05 -0,07 0,19 

p 0,6938 0,6215 0,1547 

Ratio of hypoglyc. 
r 0,00 0,04 -0,13 
p 0,9723 0,7613 0,3284 

Mean BG 
r -0,05 -0,03 0,17 
p 0,7322 0,8308 0,2142 

Median BG 
r -0,06 -0,01 0,11 
p 0,6624 0,9225 0,4166 

BG std. deviation 
r 0,08 -0,17 0,36 
p 0,5391 0,2090 0,0049 

BG IQR 
r 0,10 -0,08 0,42 
p 0,4776 0,5719 0,0012 

 

 
 

Figure 1.  Scatterplots with LOWESS-estimators (dashed line) and 
95% confidence intervals (shaded in grey) for the time spent in hyper- 

and hypoglycaemia vs. age, time since onset of DM and HbA1c. 

 
Figure 2.  Scatterplots with LOWESS-estimators (dashed line) and 

95% confidence intervals (shaded in grey) for  the central tendency of 
BG (mean and median BG) vs. age, time since onset of DM and HbA1c. 

TABLE III.   
ASYMMETRIC CORRELATION MATRIX OF THE INVESTIGATED 

PARAMETERS (SPEARMAN-Ρ  CORRELATION COEFFICIENT WITH 
SIGNIFICANCE) 

  Age DM 
length HbA1C 

Ratio of hypergly. 
ρ 0,02 -0,07 0,14 

p 0,9026 0,6152 0,3074 

Ratio of hypoglyc. 
ρ 0,02 0,08 -0,06 

p 0,8675 0,5272 0,6580 

Mean BG 
ρ 0,04 -0,03 0,11 

p 0,7935 0,8112 0,3951 

Median BG 
ρ 0,00 -0,02 0,04 

p 0,9915 0,9031 0,7561 

BG std. deviation 
ρ 0,05 -0,17 0,23 

p 0,7229 0,2125 0,0880 

BG IQR 
ρ 0,08 -0,06 0,32 

p 0,5643 0,6567 0,0138 
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Figure 3.  Scatterplots with LOWESS-estimators (dashed line) and 

95% confidence intervals (shaded in grey) for the dispersion of BG (SD 
and IQR of BG) vs. age, time since onset of DM and HbA1c. 

 
As far as the central tendency is concerned, roughly the 

same can be said about age and duration of DM, with the 
exception that both exhibit an initial decreasing phase (no 
matter whether mean or median is used to characterize 
central tendency), which seems to be more significant for 
age. Here HbA1c again shows a clear positive association 
both for mean and median. The paradoxical non-monote 
region around 10% shows up again. 

The dispersion of BG shows no association with age 
and duration of DM (neither for standard deviation, nor 
for interquartile range). However, with HbA1c there is a 
clear positive association (both for standard deviation and 
interquartile range). The paradoxical temporary trend-
change around 10% can be observed again. 

Results of analytical investigations (i.e. the correlation 
coefficients) corroborate the above findings. Linear 
correlation coefficients are insignificant with the 
exception of BG standard deviation and BG interquartile 
range vs. HbA1c. This comes as no surprise given the fact 
that even  in instances were association was observed on 
the scatterplots, it was mostly non-linear, save for this 
two. 

 
Figure 4.  Visualization of the results of CCA: loadings for different 

investigated variables. 

 
The application of Spearman-ρ correlation coefficients 

yields similar results (albeit the significance is worse even 
for these two cases, which can be explained by lower 
power of the more general estimator and the relatively 
large number of outliers). 

Note, that now we performed 18 hypothesis testings in 
parallel (for each correlation coefficient), so results can 
not be compared to the traditional threshold of 5% due to 
the multiple comparisons situation [16]. However, 
significant correlations – especially for the linear 
correlation coefficient – had a magnitude smaller p-
values, so the labeling of these as significant association is 
justified, even in the light of the multiple comparisons 
situation. 

Canonical correlation analysis confirms the association 
of HbA1c with SD and IQR of BG measurements (i.e. the 
dispersion of BG), but also reveals a closer connection to 
the ratio spent in hyperglycaemia and the indicators of the 
central tendency of BG. It is very interesting to note that 
this phenomenon was already seen – to some extent – on 
the scatterplots, but was not appreciable from the 
correlation coefficients. 

The age and duration of DM shows some association 
with the time spent in hyper- and hypoglycaemia, and also 
with the indicators of the central tendency of BG, but not 
with the indicators of the dispersion of BG measurements. 

From these results, the positive association between the 
indicators of the central tendency of blood glucose and 
HbA1c is long known, even quantitatively [17]-[19]. The 
positive association between the indicators of the 
dispersion and HbA1c, however, might be surprising, 
given the physiological mechanism governing the forming 
of HbA1c (which is related to the level of BG not its 
dispersion). 

This can be easily explained by noting that the 
correlation coefficient between mean BG and BG standard 
deviation is 0.56, suggesting that the association between 
dispersion and HbA1C is simply a spurious relationship 
induced by the central tendency of BG (as a confounder). 

T. Ferenci et al. • Correlation Investigations between HbA1c and Blood Glucose Indicators…

– 446 –



The explanation for the seemingly paradoxical behavior 
of the association of HbA1C with the various descriptors 
of BG is possibly the poor compliance of the investigated 
children. The motivation to “cheat” during the CGM-
measurements (i.e. to pay closer attention to BG levels 
than it is usually done by the children) is higher for those 
having worse metabolic state (as evidenced by HbA1C 
higher than 10%). Also, there is not only a motivation, but 
also a possibility for this, given that the measurements 
were non-blinded for the children. Hence, we hypothesize 
that children above 10% HbA1c start to increasingly 
“cheat” during CGM measurement, breaking the 
association between HbA1c and the mean (or median) 
glucose during CGM. 

IV. CONCLUSION 
Our results confirmed the well-known positive 

association of HbA1c with the indicators of the central 
tendency of blood glucose (mean, median), and 
demonstrated that hyperglycaemia (but not 
hypoglycaemia) is also positively associated with HbA1C. 
The positive association of HbA1C with the indicators of 
the dispersion of blood glucose is likely a spurious 
relationship induced by the mean blood glucose (as a 
confounder). 

The relationship between HbA1c and the indicators of 
the central tendency of blood glucose are non-linear, 
which is likely caused by the varying compliance of the 
patients. 

We found no association between the duration of the 
diabetes and the age of the patient with any indicator of 
the blood glucose levels. 

However, other modeling techniques will be 
investigated similar to [20], [21], [22]. 
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