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Introduction

ephropathy associated with type 2
diabetes is the most frequent cause of
end stage renal disease. The increased
patients  with
nephropathy can be explained by risk factors

of diabetic

Abstract

Objective: An association between high homocysteine levels and
proteinuria in diabetic nephropathy has been shown. On the other
hand, supplementation with folic acid lowers homocysteine
concentration.  We have studied the effects of folic acid
supplementation on proteinuria in type 2 diabetic patients with overt
proteinuria.

Materials and Methods: Forty five (29 men and 16 women)
type 2 diabetic patients with overt proteinuria were randomized into
2 groups. One group was treated with folic acid for 6 months (22
patients), and the other was not (control group, 23 patients).
Twenty-four hours proteinuria, creatinine clearance, and serum
homocysteine were measured at baseline and 6 months of treatment.
Results: In the treatment group, baseline proteinuria was 2927 +
2858 mg/day, and after 6 months of folic acid treatment, there was a
significant decrease in proteinuria to 2049 + 1641 mg/day (P <
0.05). For the control group, there was no change of proteinuria
after 6 months of follow-up ( P = 0.9). Serum homocysteine levels
were significantly decreased in subjects treated with folic acid, from
19.2 £ 9.46 umol/L to 16 + 5.6 pumol/L; P < 0.05). There were no
significant differences in creatinine clearance at the end of the study
comparing the two groups.

Conclusion: Supplementation with folic acid decreases
proteinuria in type 2 diabetic patients with overt proteinuria and that
this action may be mediated through reduced concentrations of
serum homocysteine. However, for evaluation of the effect of folic
acid on renal function, further studies with longer follow-up are
needed.
Keywords:
Homocvysteine

Folic acid, Proteinuria, Diabetic nephropathy,

such as genetic susceptibility (1), increased
glomerular filtration rate (2), obesity (3), and
glycemic control. Activation of the renin-
angiotensin system (RAS) has a major role in
the pathogenesis of diabetic nephropathy.
Inhibition of this system by angiotensin-
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converting enzyme (ACE) inhibitors or
angiotensin  receptor  blockers  (ARBS)
currently is the mainstay of diabetic
nephropathy management (4). However,
despite RAS inhibition, diabetic nephropathy
progresses to end stage renal disease in a large
proportion of patients (4, 5). Therefore a novel
treatment is needed. An association between
high  homocysteine  (Hcy) levels and
proteinuria in diabetic nephropathy has been
shown in previous studies (6, 7). On the other
hand, supplementation with folic acid lowers
Hcy concentration (8). Therefore, folic acid
may decrease proteinuria in  diabetic
nephropathy.

We have studied the effects of folic acid
supplementation on proteinuria in type 2
diabetic patients with overt proteinuria.

Materials and Methods

Between January and December 2012, we
evaluated forty-five consecutive type 2
diabetes mellitus patients with overt diabetic
nephropathy, defined as daily proteinuria
greater than 0.3 g. We excluded patients with
serum creatinine>4.5 mg/dL, hemodialysis
patients and patients already on folic acid or B
vitamins supplementation. The study protocol
was approved by the ethics committee of our
institution, and informed consent was obtained
from each patient.

Patients were randomized to receive 5 mg/d
folic acid, or no folic acid (control group).
Demographic data, blood pressure, creatinine
clearance (CrCL), and other biochemical
profiles such asserum creatinine, fasting blood
sugar, and serumHcy concentrations were
evaluated at baseline and after 6 months of
treatment. CrCL was calculated with
Cockcroft-Gault equation. Serum creatinine
and fasting blood sugar concentrations were
measured by the standard methods. Serum
samples were drawn after 12-hour fasting.
Serum Hcy concentrations were measured by
enzyme-linked immunosorbent assay (IBL
Company, Hamburg, Germany). Twenty-four
hour urine collections were obtained with

measurement of urine protein and creatinine.
Measurement of creatinine excretion permitted
assessment of completeness of the 24-hours
urine collection. Any adverse event considered
to be related to the use of folic acid such as
flushing, bronchospasm, and skin rash were
recorded during the follow-up assessment.

Statistical Analysis

All statistical analyses were performed using
the SPSS Chicago, IL, US software version
13. Unless otherwise stated, values are
expressed as mean=SD. Categorical data were
compared by means of chi-square test, and
continuous variables, by means of Student t-
test. Comparison of various parameters
between baseline and different intervals was
performed by means of paired Student t-test.
Statistical significance is defined as 2-tailed P
less than 0.05.

Results

Between January and December 2012, a total
of 45 patients were enrolled in the study.
Baseline characteristics, demographic,
laboratory parameters, and medications used
in our study patients are listed in Table 1.
There were no statistically significant
differences between the 2 groups in terms of
demographics data, blood pressure, CrCL,
serum  Hcy  concentrations,  24-hours
proteinuria, and proportion of patients using
ACE inhibitors, ARBs, and
nondihydropyridine calcium channel blockers.
Twenty-three patients in control group and 22
patients in treatment group completed the
study. In the treatment group, baseline
proteinuria was 2927+2858 mg/day, and after
6 months of folic acid treatment, there was a
significant decrease in proteinuria to
2049+1641 mg/day (P<0.05; Fig. 1). For the
control group, proteinuria at baseline was
1849+1444 mg/day. There was no change after
6 months of follow-up (1828+1981 mg/day;
P=0.9). Comparison of proteinuria showed no
significant difference between the two groups
(P=0.7).
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Table 1- Baseline characteristics of subjects in control and folic acid groups

Characteristics Control group (n=23) Folic acid group (n=22) P value
Age (year) 58+8.9 57+8.6 NS
Males proportion [n (%0)] 14 (31%) 15(33%) NS
Body mass index (kg/m?) 213 22+3.1 NS
Blood pressure (mmHg)

Systolic 150+21 147+15 NS

Diastolic 85+10 82+11 NS
Serum homocysteine (umol/L) 18.4+5.87 19.249.46 NS
Serum creatinine (mg/dL) 1.7£0.59 2.1+0.77 NS
Creatinine clearance (mL/min) 68+40 62+37 NS
24-hours proteinuria (mg) 1849+1441 292742858 NS
Fasting blood sugar (mg/dL) 165+53 185+100 NS
Medications [n (%0)]

ACEls 8 (18%) 11 (24%) NS

ARBs 22(50%) 20(44%) NS

Calcium channel blockers 11(25%) 10(23%) NS

ACEI, angiotensin converting enzyme inhibitors; ARBSs, angiotensin Il receptor blockers

NS= Not Sianificant

When we compared CrCl of the two groups
after treatment for 6 months, there was no
significant difference in CrCl (51£33 mL/min
in the treatment group vs 58+32 mL/min in the
control group; P=0.4) (Fig. 2). However,
significantly, deterioration of CrCl in each
group was observed when compared with
baseline CrCl (62137 vs 51+33 mL/min in the
treatment group; P <0.05; and 68+40 vs 58432
mL/min in the control group; P<0.05) (Fig. 2).
Baseline serum Hcy levels were similar in the
groups (19.2£9.46 pmol/L in the treatment
group and 18.4+5.87 umol/L in control group;
P=0.7). Serum Hcy levels at the end of folic
acid treatment was 16 + 5.6 pumol/L (P<0.05),
and for the control group, 20£10.6 pmol/L
after 6-month follow-up (P=0.2) (Fig. 3).

between the 2 groups at the end of the study
(P=0.13).

Serum FBS was similar between the two
groups at the end of the study (142+66 mg/dL
in the treatment group and 157+62 mg/dL in
control group; P=0.4). We did not find any
adverse effects such as allergic reaction,
bronchospasm, flushing and rash by folic acid
treatment.

Discussion

We showed that proteinuria decreased in the
treatment group after  folic acid
supplementation. However, proteinuria was
not significantly different from the control
group. We also found folic acid is able to
decrease Hcy level.

There was also no statistical difference
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Figure 1: Mean proteinuria (mg/day) at baseline and at the end of treatment
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Figure 3: Mean serum homocysteine (umol/L) at baseline and at the end of treatment.

To our knowledge, this is the first study
regarding use of folic acid in order to decrease
proteinuria through its ability to lower serum
Hcy level in overt diabetic nephropathy. The
precise mechanism is not known, but may be
related to an association between high Hcy
levels and proteinuria in diabetic nephropathy.
Previous studies showed in type 2 diabetic
patients with overt nephropathy had higher
Hcy compared with no proteinuria (7, 9, 10).
Hcy may decrease proteinuria through the
hypothesized mechanism of endothelial
damage (11). It is wellknown that ACE
inhibitors, ARBs, and nondihydropyridine
calcium channel blocker decrease proteinuria
in diabetic nephropathy and they could
confound our result. However, there were no
differences in the use of these medications in

the two groups at the beginning and end of the
study.

We showed that folic acid has no effect on
renal function. However, in a recent
randomized  placebo-controlled trial  of
participants with diabetic nephropathy and
stages 1 to 3 of chronic kidney disease, the use
of high doses of B vitamins (containing 2.5
mg/d of folic acid, 25 mg/d of vitamin B6, and
Img/d of vitamin B12) compared with
placebo, resulted in a greater decrease in CrCl
(12). The discrepancy may be due to the
difference between the treatments. We treated
patients only with folic acid while they used
combination of high doses of B vitamins.
Also, they followed patients for 3 years, but
our follow-up was shorter (6 months).
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Conclusion

In summary, we found that supplementation
with folic acid decrease proteinuria in type 2
diabetic patients with overt proteinuria and
that this action may be mediated through
reduced concentrations of serum Hcy.
However, for evaluation of the effect of folic
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