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1. Introduction

Diabetes mellitus (DM) a group of metabolic
diseases characterized by hyperglycemia
results from defects in insulin secretion, insulin
action or both. DM is not only known to
constitute 5% of global death annually, but
also associated with long term damage,
dysfunction and failure of various organs
mainly the eyes, kidneys, nerves, heart and
blood vessels (Taloyan et al., 2009).
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Abstract

Worldwide diabetic nephropathy (DN) is the leading
cause of end stage renal disease, promgting for
increased renal replacement therapy im these
patients. Most studies conducted till now in Type 2
Diabetes Mellitus (T2DM) are in urban pagulation.
There's scarcity of the data regarding occurrence of
diabetic complications in a rural setfing and
increasing trend of non-communicable ciseases.
Present study focuses on anthropometriic and
glycemic variability in males in a rural tertiary
setting. All the anthropometric and biceiemical
parameters were assessed by standard methods.
The analysis showed forty five subjects wer=s found
to be suffering from DN. Screening of TZDM and
monitoring for incipient DN would benefil e rural
population who are in their “golden years of ife” and
contribute towards the country’s economy in a
major in an agrarian nation like India, This dictales
the comprehensive evaluation of anthropometric
and biochemical evaluation of males aged Z5 years
and above in conjunction with clinical assessment
for improving the renal outcome of patents with
diabetes mellitus. In this study only rural seting was
considered where people's occupation is agriculture
and depends on monsoon rains, effect on the
seasonal variation on the availability of fooc and its
effect on nutrition should be kept in mind.
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With increased industrialization, end stage
renal disease (ESRD) in patients with diabetic
nephropathy (DN) has become a major
medical challenge for experts and major
financial burden for the patients (Taloyan et
al., 2009).

Known risk factors for the onset of diabetic
nephropathy are (1) genetic predisposition
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(indicated by a history of hypertension and
cardiovascular events in first-degree relatives),
(2) quality of glycemic control, (3) level of
blood pressure, and (4) smoking. Among
these, the strong risk factor for nephropathy in
type 2 diabetic males was smoking. According
to several studies elevated urinary albumin
excretion rates (AER) at the time of diagnosis
of type 2 diabetes are significantly more
frequent in smokers than in non-smokers
(Olivarus et al., 1993).

Kidney, being one of the target organs for
action of insulin, undergoes flow and pressure
changes at glomerular level due to chronic
hyperglycemia ultimately resulting in Diabetic
Nephropathy.

Glycated hemoglobin (HbAc) is a well-known
marker for long-term glycemic control. It
indicates mean blood glucose levels and
predicts the risk for developing complications
in diabetic population (Mahato et al., 2011).
Along with dyslipidemia, elevated HbAc is
regarded as risk factor for cardiovascular
disease (CVD) with or without DM. In diabetic
population for every 1% increase in absolute
HbAc risk of CVD was increased by 18%
(Selvin et al., 2004).

Hyperlipidemia is common in patients with
renal failure. In addition, atherogenic changes
in lipoprotein composition occur in most of
these patients (Massy et al., 1996). It has long
been hypothesized that lipoproteins play a role
in renal injury similar to their established
involvement in atherosclerosis. A number of
experimental investigations have provided
relevant evidence that lipids may confribute to
progressive renal damage (Keane et al.,
1994). However, there are only a few
prospective studies that have addressed a
possible relationship between dyslipidemia
observed in patients with renal failure and the
rate of progression in kidney disease
(Hunsicker et al., 1997). Hence the present
study was undertaken to investigate glycated
hemoglobin (HbAc), fasting insulin and total
lipid profile in the assessment of diabetic
nephropathy in type 2 diabetes mellitus of
male patients,

2. Subjects and Methods

Eighty six Type 2 Diabetes Mellitus males and
non-diabetic male subjects with a median age
of 56 years visiting R L Jalappa hospital
attending Medicine Out Patient Department
attached to Sri Devaraj Urs Medical College,
Kolar, India from October 2011 to January
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2012 were included in the study. Exclusion
criteria comprised of Type 1 diabetes mellitus,
peripheral vascular disease, acute or chronic
infection, cancer, hepatic disease, myocardial
infarction. The study was approved by
institutional ethical committee who provided
ethical clearance and a written informed
consent was obtained from all the participants.

Anthropometric measurements such as: age,
gender, body weight, height, body mass index
(BMI), waist circumference (WC), hip
circumference (HC), systolic blood pressure
(SBP) and diastolic blood pressure (DBP)
were noted. Anthropometric measurements
were measured with standard scale and
measuring tape and all units of measurements
were expressed in Sl units. Patient weight and
height were measured to the nearest 0.1 kg
and 0.1 cm respectively. BMI was calculated
by Quelet index formula (Ashwell et al., 1982),
WC was recorded as the smallest girth
between the rib cage and the top to the lateral
border of the iliac crest during the minimal
respiration. SBP and DBP were measured in
all subjects in the supine position, inflating the
cuff tied at the level of heart to the left arm
after confirming that the patient was in the
relaxed state.

Biochemical parameters were measured after
an overnight fast, and the parameters were
estimated using Johnson & Johnson vitros 250
dry chemistry auto analyzer which works on
the principle of reflectance Photometry.
However the biochemical values we have
estimated in our study were analyzed only
after  confirming  with  Internal Quality
Assurance Scheme (IQAS) by using Bio-Rad
lyophilized serum sample and all the
parameters were within + 2 Standard
Deviation. The blood glucose estimation was
done by Glucose Oxidase Peroxidase method
(GOD-POD) (Edmund Lamb et al., 1999),
glycated hemoglobin was estimated by HPLC,
serum creatinine was estimated by jaffes test
(Lamb et al, 1998), uric acid estimation by
uricase method (Lamb et al, 1999), total
cholesterol was estimated by cholesterol
oxidase-peroxidase method (Lamb et al,
1999), triglycerides estimation was done by
Enzymatic colorimetric test- GPO PAP (Lamb
et al., 1999), HDL cholesterol estimation was
done by poly anion precipitation method
(Lamb et al, 1999), LDL-c, Non-HDL-
Cholesterol, eGFR and VLDL was calculated
(Lamb et al., 1999, Holewijn et al., 2010, Levy
et al, 1990). Spot urine albumin was
estimated by sulfo-salicylic acid method, urine
creatinine by jaffes method and albumin:
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crealinine ratio was calculated (Waugh et al.,
2003).

Value of HbAic was given as percentage of
total haemoglobin and values of all other
parameters were given in mg/dl. Dyslipidemia
was defined by presence of one or more than
one abnormal serum lipid concentration.
Diabetes was defined as per American
Diabetes Association (ADA) criteria (ADA
suppl., 2011). The data was evaluated by
SPSS statistical package version 16.0.
Independent ‘ttest (2-tailed) was used to
compare means of different parameters.

All values are expressed as mean + standard
error of mean. The results were considered
significant with p-value < 0.05.

3. Results

With  respect to the Anthropometric
measurements (Table: 1) the mean age (56
years), height (166.19 cm), weight (67.64 kg),
WC (96.05 cm), HC (94.97 cm), WHR (1.01) in
diabetic males and in non-diabetic male
subjects are age (57 years), height (164.84
cm), weight (69.74 cm), WC (94.60 cm), HC
(97.22 cm), WHR (0.97) was observed
respectively. Among these variables only WC
and WHR were statically significant. The mean
SBP in diabetic males was 128 + 4.64 mm Hg
and in non-diabetic males was 124 + 15.76
mm Hg and the mean DBP in diabetic and
non-diabetic males was 80 mm Hg and 82 mm
Hg respectively which was statistically
significant (p=0,02).

With respect to the biochemical parameters
(Table: 2) significant difference were observed
between diabetic and non-diabetic males with
FBS 143 mg/dl in diabetic males and 99.80
mg/dl in non-diabetic males, percentage of
HbAsc in diabetic males was 10% and 6% in
non-diabetic male subjects, Fasting Insulin in
diabetic males 20.51 mcU/ml and in non-

Table 1: Showing the comparison of

diabetic males was 12.21 mcU/ml. The insulin
resistance or receptor defect

or may be due to nephropathy the insulin
levels might have increased in diabetic males
compared to non-diabetic male subjects. The
SCr was 1.17 mg/dl and 0.1 mg/dl in diabetics
and non-diabetic males respectively. We also
estimated uric acid in both study groups and
the levels were slightly higher in diabetic
males (5.36 mg/dl) compared to non-diabetic
male subjects (5.22 mg/dl). However it was not
statistically significant. With respect to lipid
profile the mean values of HDL-c (37.20 mg/dl)
in diabetic males and (36.34 mg/dl) in non-
diabetic male subjects which was statistically
significant (p=0.005). The TG levels, TC and
LDL-c levels were lower in diabetes compared
to non-diabetes with no significant difference.
However to what extent their dietary habits, life
style modifications etc. would have led to
reduced LDL-Cholesterol and Total
Cholesterol has to be considered. But,
whatever the LDL value we have observed in
our study is true to the fact that there is no
selection bias or calculation bias, and
moreover we have considered the limitations
of Friedewald equation.

We have also estimated Spot urine creatinine,
in diabetic males it was 63.09 mg/dl and non-
diabetic males was 89.96 mg/dl. This
observation has shown that there is increased
excretion of creatinine in urine in diabetics
compared to non-diabetic males. We also
compared the spot urine creatinine and spot
urine albumin and the ratio between these
were statistically significant (p=0.000). The
values obtained for the parameters (Table: 3):
LDL-c, Non-HDL-c, VLDL and eGFR was
calculated using the formulas; we observed
slightly decreased levels of Non-HDL-¢ in
diabetic males (128.97 mg/dl) compared fo
non-diabetic male subjects (150.66 mg/dl) with
a non-significant p-value.

parameters between diabelic and non-diabetic males

Parameters Diabetes Non diabetes p value
Age (years) 56.01+0.76 57.74+13.55 0.18
Height (cm) 166.19+7.96 164.84+14 .47 0.13
Weight (kg) 67.64+10.83 69.74+15.63 0.10
Waist circumference (cm) 96.05+11.05 94.60+8.01 0.00** -
Hip Circumference (cm) 94.97+9.55 97.2249.19 0.71
Waist Hip Ratio 1.01+0.13 0.9784+0.09 0.01*
Systolic BP (mmHg) 128.67+4.64 124.60+15.76 0.67
Diastolic BP(mmHg) 80.74+11.24 81.01+9.13 0.02*
Obesity Index 66.18+7.96 64.83+14.47 0.13
Body Mass Index 24.4743.51 28.63+33.73 0.12

* considered as significant p-value (< 0.05), ** <0.001considered as strongly significant
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Table 2: Showing the comparison of biochemical paramelers between diabetic and non-diabetic male subjects

Parameters Diabetes Non-diabetes p value
FBS (mg/dl) 143.74472.98 143.74472.98 0.002*
Fasting Insulin 20.51+36.80 12.21410.60 0.001**
HbA1c (%) 10.01£7.84 6.64+1.83 0.02*
SCr (mg/dl) 1.174£0.94 0.92+0.22 0.01*
Uric Acid (mg/dl) 5.36+5.97 5.22+1.30 0.25
Total Cholesterol (mag/dl) 166.17+£40.36 187.00+40.47 0.69

| Triglycerides (mg/d) 208.64+152.01 217.01£113.94 0.41
HDL (mg/dl) 37.20+5.45 36.3448.25 0.00**
Spot Urine Albumin (mg/dl) 716.5+056.88 174.57+238.17 0.00*
Urine Creatinine 63.09+54.42 89.96+115.19 0.17
Spot urine Alb/ creat ratio 29.34+72.54 2.9144.50 . 0.00**

* considered as significant p-value (< 0.05), ** <0.001considered as strongly significant

Table 3: Showing the comparison of calculated biochemical parameters between diabetic and non-diabetic

males
Parameters Diabetes Non-diabetes p value
Non-HDL (mg/dl) 128.97+£39.80 150.66+38.76 0.49
LDL (mg/dl) B86.76+35.65 105.78+33.68 0.95
VLDL (mg/dl) 45.89+59.91 43.63+22.82 0.08*
eGFR 97.03£29.17 87.03+32.10 0.28

* considered as significant p-value (< 0.05)

The mean VLDL values in diabetic males was Figures 2: Fasting Insulin mcU/ml (cases: 20.51,

45.89 + 5991 and 43.63 + 22.82 in non- controls: 12.21)

diabetic male subjects, the mean eGFR values ¥

in diabetic males 97.03 + 29.17 and in non- Fasting Insulin mcU/ml

diabetic males was 87.03 £ 32.10, where no
significant difference was found between
diabetic and non-diabetic males.

The biochemical parameters with significant p
values are represented in the figures: 1, 2, 3
and 4.

BF asting Insarlep mctljmd

Figures:  Showing the significant parameters
comparison between cases and controls of HbAic,
Fasting Insulin, Serum Creatinine and HDL-
cholesterol
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Figures 4: High Density Lipoproteins (HDL) mg/di
cases: 37.2, controls: 36.34)

HOLin mg/dl

Cases Controls

4. Discussion

Diabetes mellitus is a major public-health
problem worldwide. Its prevalence is rising in
many parts of the developing world, and India
is no exception to this. India is the diabetes
capital of the world with 41 million Indians
having diabetes, every fifth diabetic in the
world is an Indian (ADA suppl. 2011).
Individuals with type 2 diabetes mellitus
(T2DM) are considered on high priority as they
are potential candidates for rapid evaluation to
prevent and halt the progression of
complications (Shashank et al., 2007). There
is @ high risk of renal disease in people with
type 2 diabetes, Diabetic nephropathy occurs
in 20-40% of patients with diabetes and is the
single leading cause of end stage renal
disease (ESRD) worldwide and is associated
with increased cardiovascular risk (Berry et al.,
2007).

The mean age in the present study among
diabetic and non-diabetic males was 56 %
10.76 and 57 + 13.55 years respectively.
According to (Krahulec and Vazar, 2009) most
of the males in 40-60 years age group
developed nephropathy. The incidence of
nephropathy is seen to increase consistently
with age (Krahulec and Vazar, 2009). In the
present study WC of diabetic males 96.05 +
11.05 cms is found to be higher than the non-
diabetic males 94.60 + 801 and was
statistically significant. These results indicate
that the risk of developing diabetes is certainly
higher in male subjects with waist
circumference 90 cms and above (Imran et al.,
2013). Studies conducted by Wannamethee
et al, 2010 showed WC and BMI are equal
predictors of diabetes in men. In our study the
mean BMI of diabetic males 24.47 + 3.51 was
lower than non-diabetics 28.63 + 33.73:

Pheton

however, the result was not statistically
significant.  Significantly higher WHR was
observed in diabetic males than non-diabetic
males. Similar findings were observed by
Shah et al. This shows that the risk of
developing diabetes is higher with WHR >1.0
(Shah et al., 2009). In this study Obesity index
of diabetic males was 66.18 + 7.96 higher
compared to non-diabetic individuals 64.83 +
14.47; however, the results are not statistically
significant.

The SBP observed in our study was not
significant, even though it is more in diabetic
males compared to non-diabetics. These
results are similar to the observations by Phan
et al., 2012. This showed that SBP helps to
predict  several Metabolic ~ Syndrome
components in males. One Component is an
increase in WC, an obesity indicator, which
manifests  the  strongest  independent
contribution to elevated SBP (= 120 mm Hg) in
males (Phan et al., 2012).

Fasting insulin levels were elevated
significantly in both diabetics and non-diabetic
males but the levels were found within normal
reference range. However, diabetic males
showed increased insulin levels compared
with non-diabetics; this suggests the early risk
of insulin resistance and T2DM in obese
individuals. We observed the mean HbAc
level of diabetic males 10.01 + 7.87 was more
compared to non-diabetic males 6.64+1.83.
Most of the type 2 diabetic patients experience
poor glycemic control irrespective of their
gender. Similar findings were observed by
Mcance et al, this indicates nephropathy
increased significantly with increase in HbA,c
(Rosediani et al., 2006; McCance et al., 1992).
This is consistent with UKPDS (United
Kingdom Prospective Diabetes Study) (Adler
et al., 2003) study showed that microvascular
complications were benefited by better control
of blood sugar levels. Also, in accordance with
the fact that diabetic nephropathy and blood
pressure have a strong correlation and
incidence of  nephropathy increased
significantly ~ with increasing  dyslipidemia
(Bannerii et al., 1999).

Serum creatinine levels were significantly
increased in diabetic males indicating the
onset of the microvascular complications.
However, the mean eGFR of diabetics was
increased compared to non-diabetic male
subjects and this could be due to hyper-
filtration and hemodynamic factors rather than
the metabolic factors in pathogenesis of
diabetic nephropathy (Zat et al., 1999).
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In our study we have observed slightly higher
levels of uric acid in diabetic males than non-
diabetic male subjects, which may suggest the
presence of insulin resistance in T2DM.
Elevated uric acid levels was a consistent
feature of the insulin resistance syndrome,
which are characterized by high plasma insulin
levels, blood glucose concentrations and
serum triglyceride concentrations and raised
BMI and WHR (Bonora et al., 1999). In the
present  study  the prevalence of
microalbuminuria in diabetic subjects was
statistically significant. Studies conducted by
Bonora et al have reported an increased
prevalence of microalbuminuria in  men
compared with women (Bonora et al.,, 1999;
Johnsen et al., 2005). The causal risk factors
for microalbuminuria are raised blood
pressure, poor glycemic control, and older
age, duration of diabetes, male sex and pre
existing retinopathy. Microalbuminuria has
also been reported to be associated with
generalized vascular disease (Deckert et al.,
1999).

Microalbuminuria  in  diabetics,  which
represents an earlier phase in the
development of clinical nephropathy, is
associated with many potentially modifiable
risk factors. In  estimating Diabetic
nephropathy risk, AER (urinary Albumin
Excretion Rate) is most important and should
be done frequently but there are gains to be
made in predictive precision by considering
family history, smoking habits, glycemia, B.P.,
BMI and lipid levels (Faulkner et al., 2006).

Research Highlights

1. The study focuses on the glycemic
variability in males in a rural tertiary setting.

2. There is an increasing trend of type 2
diabetes mellitus in rural setting which would
as well be an iceberg phenomenon.

3. Screening of type 2 diabetes mellitus and
monitoring for incipient diabetic nephropathy
would benefit the rural population who are in
their golden years of life and contribute
towards the country’'s economy in a major in
an agrarian nation like India.

4, This dictates the comprehensive evaluation
of anthropometric and biochemical evaluation
of males aged 55 years and above in
conjunction with clinical assessment for
improving the renal outcome of patients with
diabetes mellitus.
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Limitations

1. Comparing an adjacent urban cohort would
elaborate more on the miniscule changes that
might be occurring in the rural setting that
might be tipping the balance towards
increased risk of diabetes mellitus in the rural
population.

2. Diet history and other habits which could
contribute to the outcome should have been
considered.

3. Since a rural setting was considered where
people’s occupation is agriculture which is
dependent on the monsoon rains, the effect of
seasonal variation on the availability of food
and its effect on nutrition should be kept in
mind.

4. The farmers here are constantly exposed to
insecticides and pesticides. This chronic
exposure to pesticides and the effect on the
protein peptide insulin needs further evaluation
at the molecular level where there not only
insulin but other proteins could have been
damaged or the coding genes might have
been mutated.

5. In this study sample size is also small where
the variations can be studied with larger
population,

6. The gender specific glycemic variability
should have been assessed by comparing with
a group comprising of females.

Recommendations

1. Comparison with an urban cohort would
throw light on the causal factors in a rural
setting. Including females in the study would
provide evidence of increased predisposition
of males for diabetic nephropathy.

2. Genetic and molecular studies would
provide a better understanding of the core of
this issue.

Justification of Research

This study explores the iceberg of the
microvascular  complication of diabetic
nephropathy in rural population males. Such a
study is imperative for understanding the
gender specific glycemic variability and it's on
toward effect on progression of incipient
nephropathy to overt diabetic nephropathy.
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Justifying the Need of this Research and
its Significance

1. Most studies conducted till now in type 2
diabetes mellitus are in the urban population.
There's scarcity of the data regarding the
occurrence of diabetic complications in a rural
setting where recently there is an increasing
trend of non-communicable diseases such as
diabetes mellitus, hypertension, coronary heart
disease and stroke.

2. This study looks for the gender specific
glycemic variability. The males in a rural
selting are heavy workers as against the
sedentary lifestyles of urban dwellers. This
would imply that obesity, insulin resistance
and associated complications are less likely
but however, there seems to be a probable
effect of urbanization on the rural setling
where the lifestyles are merging predisposing
the rural males to type 2 diabetes mellitus and
regardless of the geographical coordinates
and socioeconomic status the screening of
rural population should be done.

3. When the diagnosis of type 2 diabetes
mellitus is established the strict follow-up
should be done so that the microvascular
complications can be detected early. The role
of clinician and ophthalmologist should be
given credit in conjunction with the
biochemical markers of glycemic control.

4. This would be a milestone in management
of type 2 diabetes mellitus and its associated
complications especially diabetic nephropathy
which would eventually progress to the fatal
complication of end stage renal disease where
the difference between urban and rural
settings seems to be null.

Recommending how current policies need
to be amended:

1. Insulin assays are limited by the expense
and technical difficulties. Current policy
making should incorporate mobilizing funds for
these valid tests such as HbA«c and lipid
profile to be made available at level of primary
care so that the complications of type 2
diabetes mellitus can be mitigated.

2. Health education programs towards creating
awareness about the complications of types 2
diabetes mellitus and diabetic nephropathy
would improve the patient compliance since in
a rural setting patients are lost during follow-up
due to various reasons like migration from
place of stay, iliness, other infirmities and
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superstitions in findings cure in alternative
therapies which are usually practiced by
unqualified persons.

3. Funding for studies at molecular level is
needed for better understanding of the disease
process so that early markers of acute kidney
injury in diabetic nephropathy can be
discovered and these biomarkers can make it
from bench to bedside.

Conclusion

In conclusion, these data extend our
understanding by showing that higher values
of fasting insulin, HbAjc, lipid profile with
anthropometric measurements and other
biochemical parameters were significantly
associated with commonest complications
seen in T2DM i.e., Diabetic nephropathy. It
further predicts CVD mortality in patients with
diabetic nephropathy. However, non-diabetic
male subjects showed higher weight, HC, BMI,
urine creatinine, TC and triglyceride and LDL-c
levels. This suggests that above the age of 55
years of males requires comprehensive
evaluation of anthropometric and biochemical
parameters to avoid micro and macrovascular
complications and Early screening for incipient
diabetic  nephropathy  and aggressive
management of these risk factors is important
in optimizing the renal outcome of patients
with diabetes mellitus.
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