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Abstract: This paper uses actual data from 267 patients with non-insulin-dependent (Type 2)
diabetes mellitus in order to see how the various risk factors can affect the progression of
diabetic nephropathy. Examination of each independent variable individually can only
provide a preliminary idea of how important each variable is by itself. The relative
importance of all the variables has to be examined simultaneously by multivariate methods.
The approach succeeds in identifying preliminary risk factors such as smoking for males,
although the females had higher fasting blood glucose at diagnosis. Not surprisingly,
hypertension is common among patients of both sexes and it has an association with
proteinuria in female patients in the sample.
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Introduction

The aim of this paper is to identify those factors which are related closely to the development
of nephropathy in patients with diabetes mellitus. In the present case the presence of
proteinuria in the patients is considered to be the hallmark for the progression of diabetic
nephropathy.

Furthermore, a large number of patient characteristics is under consideration. These include
demographic variables, such as age; behavioural, such as smoking; or clinical variables, such
as body mass index, renal functions and blood pressure.

The approach to the present data analysis is through univariate analysis, in which different
contingency tables will be set up among possible risk factors. The general procedure of the
univariate analysis is to relate various patient characteristics (or independent variables) to the
occurrence of the event (dependent variable) on the basis of data collected from those
individuals for whom the event (that is, nephropathy) occurred (group 1) and those for whom
the event did not occur (group 2). For example, in order to relate variables such as age, sex,
and body mass index to the development of diabetic nephropathy, one needs to analyse the
information provided by the data about these variables from a group of patients with
nephropathy as well as from a group of patients without the disease. The analysis will be
discussed in detail in the next section.
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Another approach to the problem is to utilize multivariate methods to examine the possible
risk factors simultaneously. We shall apply linear logistic regression method in a later paper.
This method can be used to identify risk factors and predict the probability of developing
diabetic nephropathy for individuals as a function of the risk factors.

Proteinuria

Research suggests that measurement of proteinuria is the most accurate way for the screening
and diagnosis of overt diabetic nephropathy. Moreover, protein measurement in spot urine is a
reliable and simple method for the screening and diagnosis of overt diabetic nephropathy [11].

Persistent proteinuria is defined as a protein excretion > 0.5 g/24 h in at least four consecutive
urine samples with an interval of at least 1 month in patients without renal infection.
Persistent proteinuria is strongly associated with increased mortality in insulin-dependent
diabetes mellitus (IDDM), and risk of this condition can be predicted many years in advance
by subclinical increases in albumin excretion rate (microalbuminuria) [2]. It was found that
the reduction in albumin excretion rate was accompanied by a significant fall in median
glomerular filtration rate (GFR) and a fractional renal clearance of aloumin. Kidney volume
remained unchanged.

Microalbuminuria, the early phase of diabetic nephropathy, is associated with increased
cardiovascular morbidity and mortality, but the reason for this is not clear [4]. Patrick et al.,
[6] assessed the prevalence of microalbuminuria, and its associations with other clinical
features. The study showed that persistent microalbuminuria was found in a significant
number of non-insulin-dependent diabetes (NIDDM) patients at the time of diagnosis.

Similarly, the impact of microalbuminuria on mortality among a large cohort of NIDDM and
other risk factors was investigated by Schmitz et al., [7]. They found that age, urine albumin
concentration (UAC), known duration, and serum creatinine were the only significant risk
factors. More specifically, Turtle [8] explained that patients with microalbuminuria have an
increased risk of developing diabetic nephropathy, hypertension, large vessel disease and
retinopathy. Hence epidemiological studies have focused on the identification of risk factors
for the development of microalbuminuria. In the same way, the United Kingdom Prospective
Diabetes Study Group [9] concluded that urinary albumin excretion was associated with
hyperglycaemia and hypertension, whereas urinary N-acetyglycaeminidase was primary
associated with hyperglycaemia.

Gall et al., [3] also found that hypertension plays an important role in the increased excretion
of albumin and immunoglobulin G (IgG)'s observed in the study. They suggested that
impaired barrier size selectivity, probably due to an increase in large pore area in the
glomerular capillary wall, and systemic hypertension are the major pathogenetic mechanisms
of proteinuria in NIDDM patients with diabetic nephropathy. These results were also
consistent with those of Mattock et al., [5] who found an association between overnight
urinary albumin excretion rate and prevalent coronary heart disease and concluded from the
study that albumin excretion rate is significantly associated with coronary heart disease
mortality (after taking into account the confounding effects of raised blood pressure and other
cardiovascular risk factors).

In order to evaluate the effects of dietary protein restriction Ciavarella et al., [1] evaluated the
effects of dietary protein restriction (low protein diet) on the progression of renal disease in

58



Bioautomation, 2006, 5, 57 — 67 ISSN 1312 — 451X

IDDM patients with clinical nephropathy. They found that early restriction of dietary protein
contents, together with an early aggressive treatment of arterial hypertension would be
expected to delay the progression of diabetic nephropathy.

Data

The longitudinal data of the diabetic patients have been collected by Professor David Owens
CBE and his team at the Diabetes Research Unit, University of Cardiff School of Medicine,
with which the authors have worked over the years. The data set, displayed in Table 1,
consists of measurements of age, sex, weight, height, blood glucose, cholesterol, high and low
density lipoprotein, blood pressure, urea and creatinine, together with various demographic
and biochemical data for 267 NIDDM patients (75 females, 192 males).

Table 1. Summarized statistics of all the metric variables

Variable N Minimum | Maximum | Mean S.td'.
deviation

Age (year) 267 17.00 78.00 52.73 10.97
BMI (kg/m?) 267 17.15 48.73 28.66 5.08
Cholesterol(mmaol/l) 248 2.80 11.40 5.33 1.24
Creatinine(umol/l) 257 44.00 176.00 86.00 17.25
Dia_BP (mm Hg) 262 58.00 120.00 85.08 10.00
HBA; (%) 265 6.70 19.30 11.20 2.40
HDL (mmol/l) 243 0.40 2.20 1.08 0.32
Height (m) 267 1.49 1.95 1.69 0.09
LDL (mmol/l) 239 0.70 7.50 3.25 1.06
MTT (mmol/l) 267 5.60 20.50 11.75 3.37
OGTT (mol/l) 267 5.80 22.80 12.00 3.50
Sys_BP (mmHg) 262 92.00 210.00 | 138.80 20.40
Triglyceride (mmol/l) | 248 0.40 10.70 2.10 1.30
Urea (mmol/l) 261 2.20 11.50 5.40 1.30
Weight (kg) 267 45.00 135.50 81.50 14.70
Valid N(listwise) 232

However, it is more informative to compare the means of different variables of the patients'
characteristics classified by sex. The results are tabulated in Table 2.

Now from Table 2 it can be seen that apart from the systolic blood pressure, cholesterol,
diastolic blood pressure, HbA; and triglyceride, all other variables shows a significant mean
difference (p < 0.05) between the males and females. This shows that the patients'
characteristics are, in many aspects, different between opposite sexes. For this reason we must
be very careful when analysing the data as gender may be an important confounding variable
that distorts the existing real relationship.

Age

In general the mean age of the female patients is lower than that of the males (that is, mean
age 50 (F) vs 53 (M)). In order to investigate whether there is any association between age of
patients and the presence of proteinuria, a chi-square test for the 2x4 contingency tables will
be adopted. This test is particularly applicable in our present situation as the risk variable
(age, in this case) is classified into four categories. Using a chi-square test one can test
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whether there is any significant association between the risk variable (age) and the outcome
variable (proteinuria). Hence the chi-square tests will be used for other categorical risk
variables as well.

Table 2. Means of patient characteristics

. Female Male

Variable mean SD N mean SD N P Value
Age 50.38 | 11.25 75 53.64 10.29| 192 0.029
BMI 31.10 6.13 75 27.71 4.27 192 < 0.000
Cholesterol 5.56 1.30 71 5.23 1.35| 177 0.059
Creatinine 73.02 | 1248 71 90.95 16.65| 186 < 0.000
Dia_ BP 83.22 | 10.43 73 85.79 9.41| 189 0.062
HBA; 11.69 2.42 73 11.06 2.27| 192 0.056
HDL 1.15 0.34 71 1.04 0.32| 172 0.016
Height 1.59 0.066 75 1.72 0.079 192 < 0.000
LDL 3.45 1.03 71 3.15 1.07| 168 0.048
MTT 12.42 3.35 75 11.49 3.36| 192 0.042
OGTT 12.70 3.408 75 11.68 3.466 192 0.033
Sys_BP 139.30 | 22.31 73 138.58 19.46| 189 0.800
Triglyceride 1.97 1.18 71 2.18 1.19| 177 0.278
Urea 5.08 1.53 72 5.57 1.26| 189 0.010
Weight 79.53 | 16.69 75 82.30 14.09| 192 0.169

After careful examination of the results derived from the chi-square tests the number of
possible variables can be reduced and eventually one can identify the preferable risk factors
which can then be the subject of further investigations. For the present case initially the age
group was divided into four categories: (1) child 0-15; (2) young > 15-30; (3) middle age
> 30-55; (4) old > 55. Then the SPSS printout shown in Table 3 - 1, 2 indicates that there is
significant association between age and proteinuria (p = 0.0138). On careful examination of
Fig. 1 we also note that among all age groups the proportion of patients developing
proteinuria is highest with the > 30-55 group (33.8%) compared with no-one developing
proteinuria among the young (> 15-30 group) and only 15.4% in the > 55 group. Hence we
have evidence to conclude that age may be a risk factor for nephropathy.

Table 3. Patients classified by age
1. Coded age * PROTEINURIA Crosstabulation

PROTEINURIA
Total
absence | presence

young > 15-30 Count 6 6
% within coded age | 100.0% 100.0%

coded | >30-55 Count 53 27 80
age % within coded age 66.3% | 33.8% | 100.0%

>55 Count 55 10 65
% within coded age 84.6% 15.4% | 100.0%

Total Cour_mt _ 114 37 151
% within coded age 75.5% | 24.5% | 100.0%

60



Bioautomation, 2006, 5, 57 — 67 ISSN 1312 — 451X

2. Chi-Square Tests

Asymp. sig.
Value df (2-sided)
Pearson Chi-Square 8.567° 2 0.014
Likelihood Ratio 10.047 2 0.007
Linear-by-Linear 2.225 1 0.136
Association
N of Valid Cases 151

22 cells (33.3%) have expected count less than 5.
The minimum expected count is 1.47.

Moreover, when the patients are classified by sex (Table 4 - 1, 2), it can be shown that for
male patients there is significant association (p = 0.010) between age and proteinuria, while
for the female patients no such significant association is observed (p = 0.333).

Body mass index (BMI)
The mean body mass index (BMI) for the females is larger than that for the males in the
sample. This can be shown by the boxplot in Fig. 1.

60

® )

T

N= 75 192
Female Male

BODY MASS INDEX
5]

SEX

Fig. 1 Boxplots of BMI

The mean BMIs for females and males are 31.09 and 27.72 respectively. This shows that the
proportion of the female patients with obesity is larger than that of male patients, though
actually both of them are obese. This is consistent with what we expected as we know that
obesity has a strong association with diabetes.

An attempt has been made to classify those patients with BMI > 26.5 as obese and tests were
carried out to investigate any association between BMI and the presence of proteinuria.
However, no significant association was observed. Even when the patients are classified by
gender the result is still not significant. But when retinopathy is taken into consideration,
Table 5 - 1, 2 shows a significant association between males and BMI (p = 0.024). However,
it remains a problem to see how BMI and retinopathy are related and this problem needs
further investigation.
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Table 4. Patients classified by sex
1. Coded age * PROTEINURIA * SEX Crosstabulation

SEX PROTEINURIA Total
absence | presence
young > 15-30 Count 6 6
coded % within coded age | 100.0% 100.0%
age > 30-55 Count 16 6 22
Female % within coded age 72.7% 27.3% | 100.0%
> 55 Count 9 2 11
% within coded age 81.8% 18.2% | 100.0%
Total Count 31 8 139
% within coded age 79.5% 20.5% | 100.0%
> 30-55 Count 37 21 58
coded % within coded age 63.8% 36.2% | 100.0%
Male age > 55 Count 46 8 54
% within coded age 85.2% 14.8% | 100.0%
Total Count 83 29 112
% within coded age 74.1% 25.9% | 100.0%

2. Chi-Square Tests®

Asymp. sig. | Exact. sig. | Exact. sig.
SEX Value | df 17 5 Ghed) | (2-sided) | (2-sided)
Pearson Chi-Square | 2.202° | 2 0.333
Likelihood Ratio 3.367 2 0.186
Female | Linear-by-Linear 0.347 1 0.556
Association
N of Valid Casses | 39
Pearson Chi-Square | 6.69° 1 0.010
Likelihood Ratio 5.601 1 0.18
Male Fisher’s Exact Test | 6.875 0.017 0.008
Linear-by-Linear 6.610 1 0.009
Association 1 0.010
N of Valid Casses |112

4 Computed only for 2x2 table.
® 4 cells (66.7%) have expected count less than 5. The minimum expected count is 1.23.
€0 cells (0.0%) have expected count less than 5. The minimum expected count is 13.98.

Blood glucose

According to the World Health Organization [10] a patient is classified as having diabetes if
the fasting blood glucose in OGTT is > 7.8 mmol/L. Now from Table 2 the mean fasting
blood glucose (F-BG) in OGTT of female patients is higher than that of the male patients
(12.7 vs 11.68 respectively). Similar results are also obtained from the meal tolerance test
(MTT). Now for both tests the F-BG of both male and female patients are around 11 to
12 mmol/L. Hence there is no doubt that they have been correctly diagnosed as diabetic
patients. For reference both the boxplots of MTT and OGTT classified by sex are listed below
in Figs. 2 and 3 respectively.
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Table 5. Associations between BMI and retinopathy for patients classified by sex

1. Fat * RETINOPATHY * SEX Crosstabulation

SEX RETINOPATHY . Total
absence |presence| moderate | serious
normal  Count 12 1 2 1 16
Fat % within Fat | 75.0% | 6.3% | 12.5% 6.3% [100.0%
Female fat > 26.5 Coun_t _ 49 4 3 3 59
% within Fat | 83.1% | 6.8% 5.1% 5.1% |100.0%
Total Cour_lt . 61 5 5 4 75
% within Fat | 81.3% | 6.7% 6.7% 5.3% |100.0%
normal Count 58 5 16 6 85
Fat % within Fat | 68.2% | 5.9% | 18.8% 7.1% [100.0%
Male fat > 26.5 Count 92 3 7 5 107
% within Fat | 86.0% | 2.8% 6.5% 4.7% |100.0%
Total Count 150 8 23 11 192
% within Fat | 78.1% | 4.2% | 12.0% 5.7% |100.0%
2. Chi-Square Tests
Asymp. sig.
SEX Value df (2-sided)
Female Pearson Chi-Square 1.176° 3 0.759
N of Valid Casses 75
Male Pearson Chi-Square 9.422" 3 0.024
N of Valid Casses | 192
%6 cells (75.0%) have expected count less than 5.
The minimum expected count is 0.85.
® 3 cells (37.5%) have expected count less than 5.
The minimum expected count is 3.54.
30 30
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Fig. 2 Boxplots of meal tolerance tests Fig. 3 Boxplots of oral glucose tolerance tests

OGTT
-0

MTT

Blood pressure

From Table 2 the systolic and diastolic blood pressures of both sexes are about the same.
Comparing these with the criteria for hypertension (sys/dia > 140/90), the female: male ratio
for mean systolic BP is 139.3:138.59, and for the mean diastolic BP, the mean value for
female: male ratio is 83.22: 85.79. So apparently hypertension is quite common among these
diabetic patients.
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In order to investigate whether the presence of proteinuria among diabetic patients has any
association with blood pressure, the data for the systolic and diastolic BP are coded according
to the 140/90 (sys BP/dia BP) criteria above which are classified as hypertension. Now we
divide the patients into two groups: those whose BPs are above the set criterion are classified
as having hypertension and vice versa.

From Table 6 — 1, 2 it is observed that since there are only 37 female patients whose
proteinuria level is recorded, the number of patients falling in each cells is small.
Nevertheless, Fisher's exact test (p < 0.05) shows that hypertension in terms of diastolic BP
for female patients has an association with proteinuria. However, similar testing for males
does not indicate any significant association. Furthermore, it is interesting to note that if the
whole group of patients is taken into consideration irrespective of sex, then the result is also
non-significant. Hence sex may be a confounding factor. However, results indicate that there
is no significant association between hypertension in terms of systolic blood pressure and
proteinuria for both male and female patients.

Lipid levels

By referring to Table 2, and also by comparing the boxplots in Figs. 4 - 7, except for
triglycerides (TG), all the other measures of lipid levels, (that is, cholesterol (CHOL), high
density lipoprotein (HDL), and low density lipoprotein (LDL)) show that the female patients
have higher values than those of males.

Table 6. Association between proteinuria and age group by sex
1. Coded diabp * PROTEINURIA * SEX Crosstabulation

SEX PROTEINURIA Total
absence | presence
normal Count 25 4 29
coded % within coded diabp 86.2% | 13.8% | 100.0%
Fernale diabp | high diabp Count 4 4 8
% within coded diabp 50.0% | 50.0% 100.0%
Total Cour_1t _ _ 29 8 37
% within coded diabp 78.4% | 21.6% 100.0%
normal Count 57 22 79
coded % within coded diabp 72.2% | 27.8% 100.0%
Male diabp | high diabp Count 24 6 30
% within coded diabp 80.0% | 20.0% | 100.0%
Total Count 81 28 109
% within coded diabp 74.3% | 25.7% | 100.0%
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2. Chi-Square Tests

Asymp. sig. | Exact. sig. | Exact. sig.
SEX Value | df |7 5 Gded) | (2-sided) | (2-sided)
Pearson Chi-Square | 4.850°| 1 0.028
Female |Fisher’s Exact Test 0.049 0.049
N of Valid Casses 37
Pearson Chi-Square | 0.702°| 1 0.402
Male |Fisher’s Exact Test 0.470 0.281
N of Valid Casses [109

®1 cells (25.0%) have expected count less than 5. The minimum expected count is 1.73.
€0 cells (0.0%) have expected count less than 5. The minimum expected count is 7.71.

In comparison with the normal ranges, the ratio of mean cholesterol for female: male patients
is 5.56:5.23, while the normal range is 3.5-7.0 mmol/L. Thus the NIDDM patients under
consideration have normal cholesterol levels. For TG, the ratio of mean TGs for female: male
is 1.973:2.181. Comparison of this with the normal range of 0.3-1.8 mmol/L shows that both
female and male patients have higher TG values than the healthy subjects. The normal ranges
for LDL and HDL are 1.55-4.4 mmol/L and 0.9-1.93 mmol/L respectively. While the ratios of
means for female: male (LDL) are 3.45:3.15, and for that of (HDL) are 1.15 and 1.04. Hence
both mean values of LDL and HDL of patients are within the normal ranges for both sexes.
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Fig. 6 Boxplots of LDL Fig. 7 Boxplots of cholesterol

Renal functions
In this case for both the 'urea’ and 'creatinine' levels, the values of the female patients are
lower than those of the males (that is, for urea, the female: male ratio is 5.08:5.57), for
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creatinine, the female: male ratio is 73.03:90.95) in Figs. 8 and 9. Comparing these with the
normal range for urea, 3.0-6.5 mmol/L, and the normal range for creatinine 60-120 pmol/L,
we can see that the mean values of urea and creatinine of the male/female patients are all
within the normal range though the urea values are towards the upper end of normality,
particularly for the males. As these renal functions are considered to be closely related to the
development of renal disease, the next step is to investigate the association of these renal
functions with other variables, in particular, their relationship with the presence of proteinuria.
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Fig. 8 Boxplots of creatinine Fig. 9 Boxplots of urea

Conclusion

In order to identify those risk factors which are closely related to the development of
nephropathy, we choose the presence/absence of proteinuria as a landmark to discriminate
those patients with/without nephropathy, respectively. Using proteinuria status as an index we
can test all the variables considered so far and check whether their means are significantly
different (that is, p < 0.05) for different proteinuria status. However, if we consider the set of

patients as a whole we cannot observe any significant difference between the means of the
variables of different proteinuria status. For further investigation we subdivide the patients
into different categories, namely, classified by sex, classified by smoking habit and by state of
hypertension (SBP/DBP). After detailed analysis, those variables which have significant
difference in means (that is, p value less than or close to 0.05) with different proteinuria status
are given in Table 7. Here the definition for hypertension follows the rule as SBP>140 or
DBP>90.

Table 7. Summary results

Proteinuria status
Patient characteristics Variable No Yes p value
Mean SD Mean SD
Male Age 56.13 |10.35 | 50.00 | 8.84 0.003
Male Triglyceride | 2.08 1.32 1.648 | 0.567 | 0.027
Smoker Triglyceride | 2.54 1.72 1.77 0.51 0.031
Male non-smoker Age 56.40 | 11.18 | 51.19 | 8.06 0.046
Male non-smoker MTT 11.59 3.55 9.71 2.39 0.019
Male smoker Age 55.61 8.65 | 4854 | 9.84 0.038
Male smoker Triglyceride | 2.48 1.84 1.70 | 045 0.055
Male hypertension (SBP) | Age 57.37 | 10.60 | 52,55 | 8.91 0.059
Male hypertension (SBP) | LDL 3.11 0.87 2.37 | 1.26 0.047
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From Table 7 we can also see that age appears as an important risk factor among different
categories, namely, male patients, male non-smoker, male smoker, and male with high SBP.
On the other hand, triglyceride also shows significant difference among those patient groups
who are male or male smokers. Similarly, MTT for male smokers also shows significantly
different values for different proteinuria status. So these variables will need to be taken into
further investigation. Furthermore, LDL for male with high DBP also indicates a significant
difference in values for different proteinuria status.

To summarize, we can observe from Table 7 that though we cannot find any significant
difference in values for all the variables by simply taking all the diabetic patients into
consideration, we did, however, when subdividing the patients into different categories
according to status of sex, smoking habit and hypertension, identify some of the risk factors
which behave significantly differently for different proteinuria states. So at this stage we have
obtained some preliminary identification of the risk factors by analysing the variables
individually under different classification of patients' characteristics.
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