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DIABETIC NEPHROPATHY;

CHANGES IN SERUM URIC ACID WITH ADVANCING STAGES

Dr. Muhammad Imran', Dr. Muhammad Usman Bashir?, Dr. Ameena Nasir?

ABSTRACT... Objectives: To compare serum uric acid levels in different stages of diabetic
nephropathy. Study Design: Descriptive analytical study. Setting: University of Health Science
Lahore. Period: February 2010 to January 2011. Subjects and methods: A sample size of
195 diabetic subjects. They were divided among normoalbuminuric, microalbuminuric and
macroalbuminuric groups, according to their daily urinary albumin excretion rate (AER), with
65 patients in each group. Their glomerular filtration rate (GFR), daily AER and serum uric
acid was evaluated by conducting tests on serum and urine samples. Statistics: Kruskal-
Wallis test and Mann-Whitney U test were used to observe differences of medians in different
groups. P value less than 0.05 was taken statistically significant. Results: There was majority of
males in microalbuminuric and macroalbuminuric groups while females were more in number
in normoalbuminuric group. Significant differences were found in serum urea concentration,
serum creatinine concentration, serum uric acid concentration, glomerular filtration rate, urinary
creatinine concentration, urine flow rate, daily albumin excretion rate and urinary albumin
concentration among the three groups. Urinary creatinine concentration and glomerular
filtration rate were in the highest ranges in normoalbuminuric group and in the lowest ranges
in macroalbuminuric group. While rest of the parameters (ie. age, duration of diabetes, serum
urea concentration, serum creatinine concentration, urine flow rate, daily AER , urinary albumin
concentration and serum uric acid concentration) were in the lowest ranges in normoalbuminuric
group and in the highest ranges in macroalbuminuric group. There was significant increase
serum uric acid levels in advancing stages of diabetic nephropathy. p <0.05 was taken
statistically significant. Conclusion: It is concluded that serum uric acid increases with the
advancing stages of diabetic nephropathy. Progressive decline in glomerular filtration rate and
gradual rise in serum creatinine level occurs throughout the course of diabetic nephropathy.
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INTRODUCTION AND LITERATURE REVIEW

An important complication of diabetes mellitus is
diabetic nephropathy (DN) and it is responsible
for about 40% of new cases of ESRD in the United
States.’ It is the leading cause of diabetes related
morbidity and mortality.? DN is staged on the
basis of degree of urinary albumin excretion rate

(AER) per day. According to American Diabetic
Association (ADA), DN is classified in terms of
microalbuminuria (urinary AER: 30-299 mg/day);
and macroalbuminuria (urinary AER: =300 mg/
day).® A detailed classification has been proposed
by Mogensen* and is now generally accepted for
both research and clinical purposes (Table-I).

Stage 1 Glomerular hypertension and hypertorophy

Stage 2 Silent stage with normoalbuminuria (AER: < 30 mg/24 hours)

Stage 3 Incipient diabetic nephropathy or microalbuminuria (AER: 30-300 mg/24 hours)
Stage 4 Overt diabetic nephropathy or macroalbuminuria (AER: > 300 mg /24 hours
Stage 5 End stage renal disease

Table-l. Stages of diabetic nephropathy*
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The exact pathogenesis of DN is complex and
is not fully known.®> But like other microvascular
complications, it is related to chronic
hyperglycemia. The mechanisms by which chronic
hyperglycemia leads to ESRD involve the effects
of soluble factors, hemodynamic alterations in
the renal microcirculation and structural changes
in the glomerulus.? Hyperglycemia leads to
the activation of oxidative stress and increased
production of reactive oxygen species.®

An important factor that is associated with kidney
disease is serum uric acid. Hyperuricemia may
be a marker of or by itself cause microvascular
disease through activation of the renin
angiotensin system (RAS) and inhibition of
endothelial nitric oxide (NO).” Serum uric acid
in the high normal range is correlated with
decreased renal function in patients with DM
and normo or micro-albuminuria.® Diabetic
patients have altered endothelial function that
may be associated with free radical production
and is liable to xanthine oxidase inhibition with
allopurinol therapy which also decreases serum
uric acid levels.® It is proposed that serum uric
acid levels in the higher end of the normal range
are independent predictor for overt DN."® The
mechanism causing hyperuricemia as a result of
decreased renal clearance of uric acid can involve
a reduced GFR or abnormal handling of uric acid
by proximal tubules in kidneys." In type 2 DM,
the compensatory hyperinsulinemia, secondary
to insulin resistance, causes antiuricosuric effect
on the kidney."? Elevated serum uric acid may
itself increase the risk for development of renal
disease in normal as well as diabetic population
and hyperuricemia is stronger predictor of renal
failure than proteinuria.”® Serum uric acid can
function as a proinflammatory molecule.’* As
a result, cyclooxygenase-2, specific mitogen-
activated protein kinases, inflammatory
mediators (eg. C-reactive protein and monocyte
chemo-attractant protein-1), and the RAS are up-
regulated, and endothelial NO production may
be inhibited.’> Damage to vascular endothelium'®
may be initiated in pre-glomerular vessels and
result in injury to the renal interstitium.' Whether
the cause or the effect of renal function decline,

hyperuricemia is invariably present in chronic
renal disease.'® In our population this correlation
has to be re-evaluated due to different pattern
of genetic makeup and dietary habits, including
low protein intake. Also hyperuricemia, if found to
be correlated with advancing stages of DN, may
warrant therapeutic interventions to minimize
deleterious effects of uric acid on kidneys.

STUDYSETTINGS,SUBJECTS AND SAMPLING
The study was a descriptive, analytical study,
which was conducted in University of Health
Sciences, Lahore. The study span was one year.

A population of 195 diabetic subjects was selected
according to inclusion and exclusion criteria, and
was divided into 3 groups, as follows:

e Group A: 65 macroalbuminuric patients

e Group B: 65 microalbuminuric patients

e Group C: 65 normoalbuminuric patients

Then convenient sampling was done among the
registered cases of diabetes mellitus from tertiary
care hospitals of Lahore.

The subjects selected were:

e Diagnosed patients of DM

¢ Both male and female patients irrespective of
age

The subjects with following diseases/conditions
were excluded:

e Gout

Current use of diuretics or uricosuric drugs
Serum creatinine > 2 mg/dL

Overt kidney disease, other than DN

Urinary tract infection

METHODOLOGY

The patients were selected from the medical wards
and diabetic clinics of the tertiary care hospitals
of Lahore and medical record of every patient
was assessed for concomitant medical condition
(eg. gout) or any overt kidney disease other than
DN. After taking written informed consent, the
data of the subjects was collected and individuals
were assessed by taking history and performing
physical examination, using specially designed
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questionnaire. Blood and urine samples were
taken. Blood samples were used to measure
serum uric acid, urea and creatinine. Patient’s
urine was assessed for proteinuria on the bedside,
with the help of Urinalysis Reagent Strips.
Proteinuric state determined that the patient was
having macroalbuminuria, while non-proteinuric
state determined that the patient was either
having microalbuminuria or normoalbuminuria.
So for the quantitative and accurate determination
of albumin levels in the urine, more sensitive
technique of radioimmunoassay was utilised on
24 hour urine samples. GFR was calculated using
the formula:

GFR = U.V/P

STATISTICS

After collecting the data, it was entered into
and analyzed by SPSS (Statistical Package for
Social Sciences) version 17.0. Kruskal-Wallis test
and Mann-Whitney U test were used to observe
differences of medians in different groups. p value
less than 0.05 was taken statistically significant.

RESULTS

Thethree groups were compared fordemographic
data, serum uric acid levels and renal functions
parameters. Following results were obtained:

The median serum uric acid concentration in
the 3 groups showed significant difference
from each other (p<0.001). It was lowest in
the normoalbuminuric group and highest in
macroalbuminuric group (Table-Ill, Figure-1).

78 m Normal buminuric group

W Microal buminuric group

Macroal buminuric group

O =N W~ o ON O

Serum Uric acid Concentration (mg/dl)

Figure-1. Comparison of serum uric acid concentration
among normoalbuminuric, microalbuminuric and
macroalbuminuric group. p <0.001

Normoalbuminuric

Microalbuminuric

Macroalbuminuric

VMBI Group (n=65) Group (n=65) Group (n=65) A
Male: 26 (40%) Male: 51 (78.5%) Male: 44 (67.7%)
Gender Female: 39 (60%) Female: 14 (21.5%) Female: 21 (32.3%) <0.001
. Married: 16 (24.6%) Married: 61 (93.8%) Married: 65 (100%)
Marital Status Unmarried: 49 (75.4%)  Unmarried: 4 (6.2%)  Unmarried: 0 (0%) <0.001
Median age (years) 21 (2-5)* 36 (33-41)* 55 (49-57)* <0.001
Median duration of Rk ovk i %
diabetes mellitus (years) 4 (2-5) 11 (9-12) 20 (15-24.5) <0.001
Table-Il. Comparison of demographic data among the three groups
Variables Normoalbuminuric Microalbuminuric Macroalbuminuric PValue
Group (n=65) Group (n=65) Group (n=65)
Median serum uric acid =k i . P
concentration (mg/dL) 4.7 (3.7-5.3) 6.3 (5.9-7.15) 7.9 (7.2-8.5) <0.001
Median daily albumin * * *
X 16 (12-21) 163 (113-232) 568 (531-617) <0.001
excretion rate (mg/day)
Median glomerular i * ) * i *
filtration rate (L/day) 149.4 (140.4-164.2) 115.2 (105.4-130.6) 92.2 (88.2-95.35) <0.001
Median serum urea i * ok i *
concentration (mg/dL) 37 (28.5-46.5) 66 (58-73) 101 (87.5-150.5) <0.001
Median serum creatinine g (; g.0 gg)* 14 (1.1-1.2) 1.7 (1.6-1.9)* <0.001

concentration (mg/dL)
Table-lll. Comparison of serum uric acid and renal parameters among the three groups
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DISCUSSION

Many important differences in parameters were
seen among the three groups. Generally, it
was the macroalbuminuric group that was the
worst in renal function parameters. However the
differences existed in every parameter of study.
Although the number of females was greater
in normoalbuminuric group, where they were
constituting 3/5" of the subjects, the males
clearly outnumbered females in the other two
groups. In microalbuminuric group, males were
nearly 4/5" and in macroalbuminuric group, they
constituted slightly more than 2/3 of the subjects
in the group. The higher percentage of males in
the groups which were having advanced stage
of DN may showed that the prevalence of DN
may be greater in male individuals of the society,
and therefore they presented more frequently in
tertiary care hospitals and had more chances of
being selected as study subjects. Hovind et al.
worked on patients with DN and majority of the
subjects in all three groups in their study were
males, with 56% in normoalbuminuric, 67% in
microalbuminuric and 70% in macroalbuminuric
group.™

The marital status also showed a specific
trend in our study. The married subjects in
normoalbuminuric group were only about
1/4" of the total diabetics in the group but they
exceeded 90% of the cases in microalbuminuric
group and there was no unmarried subject in
macroalbuminuric group. This also signifies that
the unmarried subjects were younger and had less
advanced disease and vice versa. Similarly the
median duration since the diagnosis of DM was
less (only 4 years) in normoalbuminuric group as
compared to microalbuminuric group (11 years)
and macroalbuminuric group (20 years). The
duration of DM was also related with the age of the
subjects. The longer the subjects were diabetic,
the more advance their stage of nephropathy
was. In a study conducted by Rosolowsky et
al, the duration of DM was significantly more in
subjects with microalbuminuria, than those with
normoalbuminuria.” This is consistent with the
results of present study, in which the duration of
DM progressively increased with stage of DN.

The AER exhibited a wide range of values among
the three groups. In normoalbuminuric group
the mean value was 16.42 = 0.75 mg/day, in
microalbuminuric group it was 168.54 = 8.7 mg/
day and in macroalbuminuric group it was 569.31
+ 6.29 mg/day. The three groups of study were
based on the level of albuminuria. The daily AER
significantly correlated with the renal function and
there was significant difference of renal function
status among the three groups. Rigalleau et al.
worked on normoalbuminuric subjects who were
having renal insufficiency.?°

Serum uric acid was found to be significantly
different among the groups. There was a gradual
rise of serum uric acid levels among the groups
and mean serum uric acid levels were 4.53 + 0.12
(median: 4.7), 6.50 = 0.08 (median: 6.3) and 7.77
+ 0.12 (median: 7.9) mg/dL, in normoalbuminuric,
microalbuminuric and macroalbuminuric groups
respectively. This finding is consistent with the
previous work done by Hovind et al., in which
they described that serum uric acid levels, even in
the high normal range, may cause microvascular
disease and may predict the development of overt
DN." Hovind et al. showed mean serum uric acid
values 0f 3.49 = 0.96, 3.51 = 0.93 and 3.98 + 1.01
mg/dL, in normoalbuminuric, microalbuminuric
and macroalbuminuric groups respectively, with
the results not statistically significant.'®

In the study conducted by Rosolowsky et al.,
serum uric acid levels were significantly different
in  normoalbuminuric and microalbuminuric
groups, with mean values of 4.2 = 1.0 and 5.2
+ 1.5 mg/dL in these groups respectively.® Safi
et al. conducted a study in Khyber Medical
College, and observed that serum uric acid levels
were significantly higher in diabetic patients as
compared to non-diabetic controls, with mean
values being 6.07 mg/dL and 5.01 mg/dL in
the above two groups.?’ We also attempted to
correlate serum uric acid levels of the subjects
with the renal function parameters, as serum
uric acid invariably increases with impairment in
renal function. It was an unexpected result that
serum uric acid was not correlated with renal
function parameters in any of the groups. In our
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study, the results did not show any significant
correlation of serum uric acid with GFR, serum
urea or serum creatinine. In a study conducted
by Nwankwo et al. in 2006, significant correlation
was found between serum uric acid and the slope
of the reciprocal of serum creatinine.? Serum uric
acid levels were expressed in umol/L, with the
conversion method being to divide the value (in
umol/L) by 60 to obtain results in mg/dL.

The renal function status was assessed by
measuring GFR, serum urea and creatinine
levels. The GFR significantly differed among the
three groups which is consistent with the previous
work.?® GFR was inversely correlated with the
albuminuric state in the normoalbuminuric and
macroalbuminuric groups. GFR depends on
various factors: urine flow rate, daily water intake,
dietary protein intake and even the environmental
temperatures. These factors may be different in
different countries, and even different regions in
the same country. So although the normal range
of GFR is taken to be 80-130 mL/min/1.73 m?,2®
the normal values must be described for every
region and ethnic group of the world, specially
for our country, in order to have a clear idea of the
normal and abnormal values. With the advancing
stage of DN, GFR decline occurs at the rate of 10
mL/min per decade.?® That is the reason why ADA
now recommends screening of chronic kidney
disease (CKD) in diabetic patients, based both
on daily AER and GFR.?*

Inthis study, serum urea and creatinine were taken
as supportive parameters of renal function status
and gave expected results in relation to stages of
DN. These parameters were significantly different
among the three groups with the lowest values
in normoalbuminuric group and highest values
in the macroalbuminuric group. Serum urea and
creatinine are routine markers for renal function
decline and therefore have been incorporated in
various equations of GFR calculation.® Serum
creatinine is also used for indirect assessment of
GFR and has been used by various researchers
for this purpose. Nwankwo et al. used the
reciprocal of serum creatinine concentration as
a means of GFR determination.?®> The values of

serum creatinine were given in umol/L in majority
of the studies, with the conversion method being
to divide the value of umol/L by 88.4 to obtain
values in mg/dL. Also the creatinine clearance is
used to roughly estimate GFR, because a small
amount of it is secreted by the tubules, so that the
amount of creatinine excreted slightly exceeds
the amount filtered. On the other hand, there
is normally a slight error in measuring plasma
creatinine, that results in an overestimation of
the plasma creatinine concentration. These
two errors almost cancel each other, so that
the creatinine clearance provides a reasonable
estimate of GFR.®

CONCLUSION

It is concluded that serum uric acid increases with
the advancing stages of diabetic nephropathy and
progressive decline in glomerular filtration rate
and gradual rise in serum creatinine level occurs
throughout the course of diabetic nephropathy.
Copyright© 03 Jan, 2017.
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