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INTRODUCTION

Diabetes is the fifth common cause of death due to
diseases in the United States and is considered as the
fourth cause of referring to physicians.!"? Diabetes
mellitus is a metabolic disorder characterized by
hyperglycemia with metabolic disturbances as a result
of defects in insulin secretion, insulin action, or both.B4
Accumulation of glucose in the serum could have different
effects on health and quality of life. Long-term damage
and dysfunctional organs are its consequences. The risk
of cardiovascular and renal disorders is 2 times and 17
times greater in these patients. One-third of new cases of
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kidney disorders arise in diabetic patients.!"”! Mortality
rates in diabetic patients are 1.5-2.5% greater compared to
healthy people; their survival is 10-15 years shorter than
the general population, and the costs of a diabetic patient
is 3.8 times higher than other patients.””! As a health issue,
diabetes lowers the quality of life of the patients.

Progressive complications of diabetes such as
retinopathy with blindness and nephropathy could
lead to renal failure, neuropathy, diabetic foot ulcers,
and amputation.?* Diabetic nephropathy is the first
cause of chronic kidney disease (CKD), which results in
end-stage renal disease (ESRD) and early death in both
developing and developed countries and its mortality
rate is high. Excess mortality rate in diabetic patients is
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almost through kidney diseases such that the mortality rate
in these patients is similar to the general population in the
absence of renal disorders.[*”]

Incidence rate of kidney diseases depends on factors
such as type of diabetes, management of diabetes
including blood glucose and blood pressure control, and
occurring cardiovascular disorders. Hypertension, age,
hyperglycemia, race, smoking, diabetes duration, poverty,
and genetic backgrounds are the most important risk factors
of renal disorders in diabetic patients./®*!

Glomerular filtration rate (GFR) is used as a criterion to
assess renal diseases. In a normal person, its range is higher
than 90 mL/min/1.73 m2"! Lower values indicate renal
disorders, which are categorized into four stages, namely,
GFR 60-89, 30-59, 15-29, and <15 mL/min/1.73 m? which are
defined as mildly, moderately, severely, and very severely
reduced kidney function, respectively.

Diabetes is a costly disease and several studies have been
performed to estimate its social and economic burdens.!>?!
Determination of the trend of diseases and its changes
synchronically may have an important role in evaluating
the success of disease control strategies, health development
indicators, and health planning. Due to the importance of
incidence trends of renal disorders in diabetic patients,
we studied the trends of renal disorders in type 2 diabetic
patients registered in the Sedigheh-Tahereh Endocrinology
and Metabolism Research Center from 1992 to 2010 using
piecewise regression models. Despite linear regression
models, this model reveals the breakpoints in the trend and
provides estimates of the slope in each piece.

MATERIALS AND METHODS

The database of the Sedigheh-Tahereh Endocrinology
and Metabolism Research Center was used to extract
demographic and characteristic information of type 2
diabetes patients registered in this center. Each person
was diagnosed as diabetic if his/her fasting blood sugar
was higher than 126 mg/dL and 2-h plasma glucose
concentration was higher than 200 mg/dL."! The available
data from 1992 to 2010 was used. For these patients, data
on the variables of sex, age, education, family history
of diabetes, blood pressure, and estimated glomerular
filtration rate (eGFR) were retrieved from the database.
The eGFR, which is calculated using Modification of Diet in
Renal Disease (MDRD) formula based on serum creatinine
level was used to define the stage of chronic kidney
disease. According to the National Institute of Diabetes and
Digestive and Kidney Diseases, an estimated GFR below 60
mL/min per 1.73 m? for at least 3 months was considered to
be a chronic kidney disease.
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In this database, patients with systolic blood pressure higher
than 135 mmHg and diastolic blood pressure higher than 85
mmHg were considered to have hypertension.'”! Education
was classified to with and without academic education.

The proportion of patients at different levels of eGFR was
considered as the dependent variable and the successive number
of years served as the independent variable. In each year, the
study population was divided into different categories according
to the levels of the variables of interest and the year or years in
which the change point had been occurred was determined.
Then, the results for these categories were compared.

We used piecewise regression to study the trends of renal
disorders. Piecewise regression is a statistical technique
for determining change points in the trends of mortality
or incidence rates. In this method, models with different
change points are fitted and various points are assessed
and the change points are determined on the basis of the
fitness criteria. This method extends to the situation with
nonconstant variance and possibly autocorrelated errors.
Various methods have been proposed and used for finding
the change points in the literature.!'*'%

This method is implemented in different statistical
packages. We used Joinpoint Regression Program 3.5.3
(National Cancer Institute) to explore change-point years
in which the proportion of patients with certain levels of
eGFR changes its trend.[" This software has been used in
various studjies.

As a number of years we considered a maximum of three
join points (four distinct temporal trends), and used the
Monte Carlo permutation method to assess significant
changes in time trends. The results were considered to be
significant at 0.05 levels.']

The prevalence trends of renal disorders in type 2
diabetic patients were assessed with respect to various
variables of interest and the results of the best fit among
competing models are presented below. Due to the low
proportion in some categories of the variables, the level of
eGFR suggesting the renal disorder was considered to be
different for different variables. For the variables sex, blood
pressure, and age when we defined level of 30 mg/dL for
eGEFR as the disorder threshold, there was an adequate
number of patients each year and the resulting graph was
reasonable. For the variables education and family history,
this threshold was considered to be 60 mg/dL.

RESULTS

A total of 1,935 patients were included in the study, out of
which 37.2% were males and 62.8% were females. Of the
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patients 35% had high blood pressure (BP) at their first visit.
In this population, only 12.5% had academic education
and 73.6% of the patients had a reported family history of
diabetes.

Figure 1 shows the results for the variable sex. The number
at the top of figure refers to the number of break points
for the best model. In females, the proportion of patients
with eGFR less than 30 mg/dL had a decreasing trend
up to significant change in the year 1996 (P value = 0.01).
Thereafter, the trend was stable until 2008 where it became
slightly increasing (P value =0.06). The trend was decreasing
without any change point in males.

In patients with hypertension, the trend was decreasing up
to 1997 where a change point occurred and it became stable
as shown in Figure 2a. The trend was steadily decreasing
among patients with normal blood pressure [Figure 2b].

To evaluate the trends with respect to age, we categorized
age as <30 years, 30-40 years, 40-50 years, 50-60 years, 60-70
years, and >70 years. The trend was decreasing without any
change in the pattern in categories <30 years and 30-40 years
as shown in Figures 3a and b. However, the rate of decline
was higher for <30 year-old age group. As Figure 3c. shows
that for the age group 40-50 years, the trend was slightly
increasing after 1997. The trend was almost fixed for the
age group of 60-70 years [Figure 3e]. Both the age groups of

50-60 years and >70 years experienced a decreasing pattern
with a change point at 1996 and 1997, respectively. However,
for the age group of 50-60 years, the trend was fixed after
the change point but it was increasing for age group of >70
years as shown in Figures 3d and f.

From Figure 4a, it can be inferred that the trend was roughly
increasing in patients without diabetic relatives over the
study period. But the situation was different in patients
with diabetic family members. As shown in Figure 4b, the
trend for this group was increasing up to 2007 but tended
to go downward after that.

The trend was increasing for both education levels but the
rate of increase was almost three times steeper for patients
with academic education [Figures 5a and b].

DISCUSSION

The management of diabetes complications mainly
centers around the control of plasma glucose and blood
pressure.”' Microalbuminuria is an onset indicator of
diabetic nephropathy, which occurs more in patients with
elevated blood pressure.l Our study suggests that blood
pressure control has been successful, as the proportions
of renal complications in patients with hypertension
at the first visit were fixed after 1997. The results also
show a declining trend of renal complications in both
genders after 1996. A slight increasing pattern is present
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Figure 2: Trend for patients (a) with hypertension (b) without hypertension
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Figure 3: Trends for the age group (a) <30 years (b) 30-40 years (c) 40-50 years (d) 50-60 years (e) 60-70 years (f) >70 years

Janmohamed et al. reported that there was a direct
relationship between age and the renal disorders in diabetic
patients.l"! De Boar et al. reported that between 1998 to 2008,
there was an increasing trend of prevalence in diabetic renal
disease in the US population; furthermore, the increasing
trend was most for the age group of >65 years.'”l Our study
showed that the rate of renal disorders in these patients
had a decreasing trend except for the age group of >70
years in which the trend was increasing. This indicates
that this group needs more care to control renal disorders.
Lifestyle changes and an increasing pattern of chronic
diseases, especially cardiovascular diseases in the elderly,
additionally low awareness of the condition in younger
people may explain such a trend in this group.! Studies
reported an overall awareness rate of renal disorders of
9.7% and 3.5% for stages 3-5 and 1-5, respectively.'”) The
increasing proportion of the elderly in Iran has increased
the number of patients at risk of diabetic nephropathy.
Improvements in public health and medical care have
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prolonged life expectancy and created an upward trend of
the elderly population in Iran between 1999 and 2011 for
the age group of >65 years.

The different results among studies might have been due
to the specific regions that were studied. Studies indicated
the disparity in health care between areas with different
socioeconomic status.?!

The proportion of stage 2 renal disorders in patients
with family history of diabetes was declining up to 2004
but increased after this year with a slope of 5.16 until
2007. A similar pattern was seen in patients without
family history of diabetes. These results are consistent
with previous studies.” Ahmad et al. reported an odds
ratio of 1.23 for diabetic nephropathy in patients with
family history of diabetes.” Although a family history of
diabetes is considered to be a risk factor for developing
renal disease, these results indicated that family history
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Figure 4: Trend for (a) patients without diabetic family members (b) patients
with diabetic family members

does not influence the trend of renal disorders for this
population.” Our study revealed better management of
renal disorders in patients with family history of diabetes
than the other patients. In this group, the trend was
decreasing and the prevalence in recent years was almost
25% while the trend was ascending in the other groups
with prevalence of more than 30% in the recent years.
The trend of renal complications was increasing among
patients with academic education.

In general, the results suggest that more attention is required
in terms of improving patients” knowledge and putting
more preventive programs into action, especially for women
and elderly patients. An increasing rate of renal disorders
in patients without family history of diabetes suggests that
the educational and preventive programs have not been
efficient.

Finding the reasons of the present trends in patients with
academic education could be instructive. Perhaps reasons
such as lifestyle and stress are responsible for an increasing
trend in this group.

This study tries to reflect the current trends of renal
disorders with respect to various patient characteristics.
However, it does not explore potential reasons and risk
factors affecting these trends and does not determine
whether the shortcomings are present in patient knowledge-
elevating programs or the trends are affected by the other
sources. Undoubtedly, expanding patient knowledge about
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Figure 5: Trend for patients (a) with (b) without academic education

diabetes, its treatment, and lifestyle modifications would
be helpful in the delayed onset and slow progression of its
subsequent complications.

CONCLUSION

Studying the trends of a disease helps in evaluating
previous health and treatment programs and formulating
new hypotheses for future researches. In this study, we
assessed various groups of patients and specified those
groups with increasing patterns of diabetic nephropathy
that need more research to determine the factors related
to these patterns.
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