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Abstract 
The age variable from a sample of patients with diabetes mellitus has been analyzed with the 
iteratively applied method of moving average. Graphically, we found a normal frequency 
distribution of patients’ age. We were concerned by confirming the normality distribution of age, 
due to its importance, since many statistical tests require the normality as a prerequisite. We tested 
the above graphical conclusion using a concordance test (Kolmogorov-Smirnov). 
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Introduction 

Over the last few years studies on the diabetic disease have increased proportionally to the 
number of people affected by this disease [1-3]. For example, The Department of Health and 
Human Services, USA, reported in 2008 that 68% of the adult incident cases (i.e. cases diagnosed 
within the past year) of diabetes melitus were diagnosed between the age of 40 and 64 years. About 
15% were diagnosed before the age of 40 and about 17% were diagnosed at age 65 or older [4-5]. 
Regarding the prevalence of diabetes melitus among the Romanian population the WHO studies [6] 
from 2007 estimated that around 5% of Romanians have the disease and 1% of them are under 35. 
The projections indicate that in 2030 the percentage will increase to 6.22% of the entire population. 
The study we conducted analyzed a sample of patients affected by diabetes melitus and focused on 
understanding the age when the disease was firstly diagnosed. 

The aim of our study has been to verify the normal distribution of age in patients with diabetes 
melitus from Timis County, Romania. 

Material and Methods 

Data was anonymously collected from general practitioners in Timiş County, Romania. The 
dataset included the gender, age and disease variables for 356 patients diagnosed with diabetes 
melitus. 

The histogram of age in this dataset has been plotted, using SPSS (PASW Statistics version 18) 
package. 

Susequently, the age variable was analyzed using the method of moving average [7]. This 
method is primarily for the smoothing of time series, in which each observation is replaced by a 
weighted average of the observation and its near neighbors. Moving averages are often used to 
eliminate the seasonal variation or cyclic variation from time series and hence to emphasize the 
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trend terms. The same method can be iteratively applied to the age variable Xj from our dataset. In 

this way it is possible to create new series of data Yj of the form 3542=j/3,X=Y kj
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After, six iterations, we concluded that, graphically, the result was a normal frequency 
distribution of the age of patients. This result was then tested for normality. For this aim, according 
to theory, for large sample sizes it is advised to use the Kolmogorov-Smirnov test instead of the 
Shapiro-Wilk test. 

The Kolmogorov-Smirnov test is a goodness-of-fit test for many statistical distributions [8-9]. 
The test relies on the fact that the value of the sample cumulative density function is asymptotically 
normally distributed. To apply the Kolmogorov-Smirnov test, it is necessary to calculate the 
cumulative frequency (normalized by the sample size) of the observations as a function of class. 
Then, to calculate the cumulative frequency for a true distribution (most commonly, the normal 
distribution). The following step is to find the greatest discrepancy between the observed and 
expected cumulative frequencies, which is called the "D-statistic" [10] and to compare it against the 
critical D-statistic for that sample size. If the calculated D-statistic is greater than the critical one, 
then the null hypothesis that the distribution is of the expected (normal) form is rejected. For our 
case, we formulate the following hypothesis regarding the distribution of the sample, which is 
denoted by F(x). 

H0: F(x) = F0(x) for all x 

HA: F(x) ≠ F0(x) for all x 

Here, F0 = F0(x) = Φ[(x-μ)/σ], and μ, σ  are default sample mean and respectively the standard 
deviation. 

The empirical cumulative distribution function (CDF) can be constructed algorithmically [11], 
by following the subsequent steps. First, the observations are sorted into ascending order: x1 < x2 < 
… < xm, where m  is the number of distinct values of X. The the empirical CDF becomes: 
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where I  is the characteristic function, 
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The test statistic is calculated based on differences between the empirical cumulative distribution 
and the theoretical cumulative distribution. For each i = 1, …, m, we denote by 
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The test statistic is: 
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The two-tailed probability level is estimated using the first three terms of the Smirnov (1948) 
[10] formula. 
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The case when p < α rejects the null hypothesis. 
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Results and Discussion 

The youngest patient diagnosed is 16 years old and the oldest is 90. The mean age is 62.45 years, 
and the standard deviation is 12.27. The histogram of the dataset presented in Figure 1 has the peak 
around 60 years old, while the rest of the data is almost symmetrical distributed around it. 
Intuitively, we may conclude that the age variable is distributed normally around this age. Our result 
is strengthened also by a good matching with the superimposed bell-shaped curve. 

 

Figure 1. Histogram of age distribution superimposed by the normal distribution 

The first iteration of the moving average method preserved the non-homogeneity of the dataset 
(Figure 2), so further iterations were required in order to smoothen the distribution. As it can be 
seen in the Figure 3, the sixth iteration produces a distribution roughly similar with the Gaussian 
distribution. 

 

Figure 2. First iteration for the moving average method with a span of 3 
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Figure 3. The sixth iteration for the moving average method with a span of 3 

By applying the above steps, the two-tailed asymptotic significance value obtained for our 
dataset is 0.187. A significance value greater tha 0.05 indicates normality of the distribution.  

The P-P (Probability-Probability plot or percent-percent plot) and Q-Q plot (Quantile-Quantile) 
for age in the investigated sample are represented in Figures 4 and 5, respectively. 

As can be seen from Figure 4 the cumulative distribution functions represented graphically 
against each other certify that our data set agrees with a normal distribution. Also, the 
representation of the quantiles (Figure 5) of the two probability distributions against each other 
emphasize this similarity. 

 

Figure 4. Probability plot of age variable distribution 

Considering the obtained histogram of age, we might intuitively conclude that the age variable is 
normally distributed around a mean value of 60 years. This result would also be strengthened by a 
good matching with the superimposed bell-shaped curve. Still, further investigation of normality in 
any given dataset is highly advisable. 
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Figure 5. Quantile-Quantile (Q-Q) plot of age variable distribution 

 
By applying the Kolmogorv-Smirnov test, we should confirm that the age variabe has a normal 

distribution, which should then be reconfirmed using a Q-Q plot.  

Conclusions 

The article presents a study on assessing normal distribution of the age variable in persons 
affected by diabetes mellitus. A normal distribution can be intuitively noted by simple methods 
such as heuristical observation of histogram and/or moving average method. The statistical 
software SPSS also allows for a rigorous proof of our assumption by performing more 
sophisticated methods such as the Kolmogorov-Smirnov test or Q-Q plot. 
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