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OBJECTIVEdTo determine the effects of soy milk consumption compared with cow’s milk
on inflammation, coagulation, and oxidative stress among patients with diabetic nephropathy.

RESEARCH DESIGN AND METHODSdThis randomized, crossover clinical trial was
conducted on 25 type 2 diabetic patients with nephropathy. This study had two trial phases, each
for 4 weeks and one washout period for 2 weeks. Patients were randomly assigned to consume a
diet containing soy milk or a diet containing cow’s milk.

RESULTSdSoy milk consumption resulted in a significant reduction in D-dimer level (percent
change: 23.77 vs. 16.13%; P , 0.05). This significant effect remained even after adjusting for
confounding factor (carbohydrate intake). However, soy milk consumption had no significant
effects on tumor necrosis factor-a, interleukin-6, high-sensitivity C-reactive protein (hs-CRP),
and malondialdehyde levels. The result was near to significance regarding the effect of soy milk
consumption on hs-CRP (percent change: 235.45 vs. 36.76%; P = 0.05). However, this effect
was not significant after adjusting for the confounding variable (carbohydrate intake).

CONCLUSIONSdSoy milk consumption could decrease serum D-dimer level among type 2
diabetic patients with nephropathy. However, markers of inflammation and oxidative stress did
not change following soy milk intake among these patients.
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N ephropathy is the major cause of
disability and death among diabetic
patients (1). Inflammation and ox-

idative stress are relevant factors in the
pathogenesis of diabetic nephropathy
(DN) (2). Glomerulosclerosis, which is as-
sociated with a high amount of coagulating
factors, is a major reason for nephropathy
(3). A novel therapy for DN might be anti-
inflammatory treatment, which could be
improving renal function (4). Lifestyle
modifications are first steps in controlling
the complications involved in DN (5).

Recently, human studies have shown
the association between dietary pattern

and dietary components with inflamma-
tory and coagulating markers (6–8). In
general, healthy dietary pattern may be
favorably associated with inflammatory
markers (9–11). Soy protein intake po-
tentially modulates inflammatory re-
sponse among type 2 DN (12). Some
data are available regarding the beneficial
effects of soy products on inflammatory
markers (13–18), coagulation (14), and
oxidative stress indices (15).

In most previous studies, only soy
ingredients were recommended for pa-
tients with DN (12). However, whole soy
consumption, which has a low content of

phosphorus in compare with cow’s milk,
may be more effective in patients with
DN (16).

Isoflavones in liquid kinds of soy foods
may be absorbed faster than other soy
foods (17). Furthermore, dairy consump-
tion should be limited in DN patients for
reducing the phosphorus intake (18).
Thus, the low phosphorus content of soy
milk compared with cow’s milk make soy
milk as a better choice for patients with
DN (16).

According to our knowledge, there are
few studies regarding the effect of soy milk
consumption on new cardiovascular risk
factors among DN patients. Therefore, this
study was conducted to determine the
effect of soy milk consumption on inflam-
mation, coagulation, and markers of oxi-
dative stress among type 2 DN patients.

RESEARCH DESIGN AND
METHODSdType 2 diabetic patients
with nephropathy were recruited from sub-
jects attending to the clinic of Azzahra
Hospital and the clinic of Isfahan University
of Medical Sciences. The inclusion criteria
were stages 1 and 2 of DN, fasting blood
glucose.126mg/dL, hypoglycemic agents,
or insulin intake, proteinuria.300mg/day,
and glomerular filtration rate .90 mL/min
(12,19). The diabetic nephropathy condi-
tion was confirmed by the specialist in the
current study. Study procedure was ex-
plained for participants, and informed writ-
ten consent was taken from all the patients.
Exclusion criteria in this study were preg-
nancy or lactating in women, changing
the dosage of medications, allergy or in-
tolerance to soy milk or cow’s milk, and
avoidance of soy milk or cow’s milk con-
sumption. The sample size for this study
was calculated based on this equation (20):
n = ([Z12a/2 + Z12b]

2 3 S2)/2D2, where a
(type 1 error) is 0.05, b (type 2 error) is 0.2,
S is the variance of C-reactive protein (CRP;
S = 3.3), and D represents differences in the
means of CRP (D = 1.5). The rationale to use
variance of CRP equal to 3.3 and differences
in themeans of CRP equal to 1.5 is based on
the results of a previously published study
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(12). Thus, the power for detecting differ-
ences between the treatment conditions for
various outcomes in the current study was
80%. Therefore, according to this formula,
we needed 19 patients to complete the trial.
We recruited 32 diabetic patients to com-
pensate for any possible exclusion. This
study was approved by the research council
and ethics committee of Isfahan University
of Medical Sciences (research project
number 185190). In addition, this study
is registered in the Iranian Registry of
Clinical Trials (identification number
IRCT201105282839N2) and at http://
www.clinicaltrials.gov (registration number
NCT01419912).

Study procedure
A randomized, crossover clinical trial
with two interventional periods and one
washout period was conducted to com-
pare the effects of soy milk and cow’s milk
consumption among type 2 diabetic pa-
tients with nephropathy. Subjects were
randomly assigned to two groups, and
they were asked to follow a diet contain-
ing cow’s milk or soy milk for 4 weeks.
After the interventional period, a washout
period was conducted for 2 weeks. Then
groups followed the alternate treatment
for 4 weeks. All data were collected before
and after each trial phase. They were re-
quested not to change their diet and phys-
ical activity habits during the study and
asked to record their physical activity and
food intake for 1 day in each phase of the
study. Their complications and medica-
tions were monitored carefully. During
the current study, soy milk and cow’s
milk were provided for all patients.

Anthropometric assessments
All patients were assessed for anthropo-
metric measurements including height
and body weight at baseline and weeks
4, 6, and 10 of the study period. Heights
in standing position and without shoes
and body weight while participants were
minimally clothed without shoes using
digital scales were measured. BMI was cal-
culated as body weight (kg)/height2 (m).

Diet
Each subject received a usual diet for pa-
tients with nephropathy containing 0.8 g/
kg protein, 2,000 mg/day sodium, and
2,000 mg/day potassium (12). Calorie re-
quirements of each patient were calcu-
lated individually based on the equation
of Institute of Medicine Food and Nutri-
tion Board (21). Furthermore, in the soy

milk and cow’s milk intervention period,
one glass (240 mL) of soy milk and cow’s
milk was provided for each patient. A
1-day dietary record was completed by all
subjects in each phase of study to deter-
mine the adherence to the prescribed diet
and soy milk or cow’s milk intake. The soy
milk and cow’s milk were produced by
Soya Sun Company and Mihan-Dairy
Company in Iran, respectively.

Biochemical analysis
Blood samples were obtained and ana-
lyzed from fasting participants at the
onset of the study and then after 4, 6,
and 10weeks. Interleukin-6 (IL-6), tumor
necrosis factor (TNF-a), D-dimer, and
high-sensitivity CRP (hs-CRP) were mea-
sured by using an enzyme-linked im-
munosorbent assay method and with
commercial reagents (Boster Biological
Technology for IL-6 and TNF-a, Hyphen
BioMed for D-dimer, and Pars Azmoon for
hs-CRP). Fibrinogen concentrations were
measured by using the Clauss method
with commercial reagents (Mahsa-yaran,
Tehran, Iran). Malondialdehyde (MDA)
was measured by using the colorimetry
method. We did not use any commercial
reference in the MDA method. First, a
standard curve was drawn from amaterial
named malondialdehyde bis (diethyl ace-
tal) for its different concentrations. We
separated 0.5 mL serum and centrifuged
with trichloroacetic acid. We then sepa-
rated 0.5 mL from this supernatant and
mixed it with 0.5 mL thiobarbituric acid.
We put this mixture in a 1008C tempera-
ture for 10 min. Serum MDA would react
with thiobarbituric acid and provide a
pink material that was written by spectro-
photometer. The detection limit of meth-
ods used to determine hs-CRP was 0.124
mg/L, for IL-6, it was 0.03 pg/mL, for
TNF-a, 0.13 pg/mL, for MDA, 1.56
nmol/mL, and for D-dimer, 45 ng/mL.

Soy milk and cow’s milk analysis
Ultra heat-treated soy milk was provided
by SoyMax (Tehran, Iran), and ultra heat-
treated low-fat milk was provided by
Mihan (Tehran, Iran). Both of the prod-
ucts are registered with the health min-
istry of Iran. We used three random
samples for analyzing themacronutrients.
Milk fat was determined using Gerber’s
method (22), whereas the method of
Folch (23) was adopted for determination
of soy milk fat. The micro-Kjeldal method
was used to analyze the protein content
(24), and carbohydrate was measured us-
ing Fehling’s solution titration method

(25). Each experiment was repeated three
times, and themean of nine replicates was
considered as the concentration of each
tested element in soy milk or cow’s milk.

The mean of the components of soy
milk and cow’s milk, respectively, in this
study was as follows: carbohydrate: 3.5
and 4.9 (g); fat: 1 and 1.5 (g); protein:
2.5 and 3.3 (g); sodium: 40 and 50
(mg); potassium: 110 and 156 (mg);
phosphorus: 53 and 120 (mg); and cal-
cium: 40 and 100 (mg).

Statistical analysis
At first, normal distribution of all variables
was checked with the Kolmogorov-
Smirnov test. The distribution of hs-CRP,
TNF-a, and D-dimer was not normal.
Thus, we reported geometric means re-
garding these variables. End point and
baseline of treatment values were used to
calculate the percent change of each vari-
able. The paired t test was used for com-
paring percentage change of variables,
end values, and baseline values. We
used ANCOVA in the adjusted models,
which were adjusted for sex and carbo-
hydrate intake. The P values for the
possible interaction of time3 sex3 var-
iables were also reported. Statistical sig-
nificance was defined as P , 0.05.
Statistical analysis was performed by us-
ing SPSS for Windows version 18.0
(SPSS, Chicago, IL). We used the Nutri-
tionist IV program to estimate dietary in-
take of patients.

RESULTSdFrom 32 patients that en-
rolled into this study, 29 patients attended
randomization and blood collection.
Therefore, 14 and 15 subjects were ran-
domly assigned to the soy milk and cow’s
milk groups, respectively. Two patients
withdrew during the soy milk period
due to the taste of soy milk and gastroin-
testinal problems following soy milk con-
sumption. Problems in reporting dietary
record caused the exclusion of two pa-
tients during the cow’s milk period. Fi-
nally, 25 participants completed this
study (Fig. 1). The mean 6 SD age and
BMI of patients were 51 6 10 years and
286 4 kg/m2, respectively. A total of 60%
of the subjects were females. Only 24% of
patients had an academic degree, 40% of
the study population was in menopause,
and 32% of participants used insulin. Di-
etary intake of subjects in different phases
of trial was assessed. No significant differ-
ence was shown between the two periods
of intervention regarding the amount of
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nutrient intakes except for fiber and car-
bohydrate.

Effects of the interventions on inflam-
mation, oxidative stress, and coagulating
markers are shown in Table 1. Statistical
analyses showed that soy milk compared

with cow’s milk consumption resulted
in a significant reduction in end values
of D-dimer among DN patients. This sig-
nificant result did not remain after adjust-
ment for carbohydrate intake (adjusted
end values of D-dimer in soy milk and

cow’s milk: 218.61 6 138.95 vs.
284.92 6 183.75 ng/mL; P = 0.08, re-
spectively). Percent changes of markers
are shown in Table 2. Analysis showed
significant difference in percent changes
regarding D-dimer level in the two groups.
The significant effect of soymilk consump-
tion on D-dimer remained even after adjust-
ment for carbohydrate intake (adjusted
percent change of D-dimer in soy milk
and cow’s milk: 23.08 6 23.02 vs.
14.47 6 27.59%; P = 0.04, respectively).
The effects of soy milk consumption on
hs-CRP level was near significant (P =
0.051). This result was not significant after
adjustment for carbohydrate intake. There
were no significant differences in per-
cent change in FBS in the two interven-
tional periods (percent change in FBS:
10.84 6 10.47 in cow ’s milk vs.
20.5 6 4.95 in soy milk; P = 0.26).
HbA1c was not also significantly differ-
ent between these two interventional
periods (percent change in HbA1c:
28.15 6 3.60% vs. 27.00 6 2.10%;
P = 0.14).

CONCLUSIONSdThe results of this
study revealed that soy milk versus cow’s
milk consumption for 4 weeks reduced
serum D-dimer level. Although most of
the previous studies have shown the ben-
eficial effects of soy products consump-
tion on inflammation (26), there are few
studies regarding the effects of soy milk
on inflammation, oxidative stress, and co-
agulation.

Recently, findings suggested that im-
balance between the coagulation path-
ways in DN might damage vascular
endothelial cells (27). Also, D-dimer is
correlated with renal dysfunction in type
2 diabetic patients (28). In this study, we
evaluated serum fibrinogen and D-dimer
levels in DN patients, and a significant re-
duction was observed in the percent
change of D-dimer levels in the soy milk
group. The change of fibrinogen was not
significantly different between the two
groups. Previous studies showed conflict-
ing results about the effect of soy inter-
ventions on serum fibrinogen (29). One
study has demonstrated that genistein
consumption could decrease fibrinogen
concentrations among postmenopausal
women (30). In another study, soy flour
consumption did not affect fibrinogen
level (31). Although participants were dif-
ferent in the mentioned studies, different
types of products, sample size, and study
durations might be responsible for these
controversial results.

Figure 1dPatient flow diagram.

Table 1dBaseline and end values of new cardiovascular risk factors among type 2
diabetic patients following consumption of the soy milk and cow’s milk

Variables Cow’s milk Soy milk P value1 P value2

Fibrinogen (mg/dL)
Baseline 263.72 6 12.04 265.28 6 12.44 0.31 0.25
End 274.80 6 10.56 260.60 6 10.50 0.69 0.89

hs-CRP (mg/L)3

Baseline 3.58 6 1.56 3.78 6 1.65 0.52 0.89
End 3.31 6 1.44 2.74 6 1.61 0.17 0.64

D-Dimer (ng/mL)3

Baseline 258.83 6 41.20 237.04 6 28.68 0.42 0.5
End 270.00 6 32.09 218.61 6 28.97 0.01 0.37
Adjusted4 284.92 6 37.37 240.90 6 38.81 0.08 0.79
Adjusted5 283.60 6 39.16 243.90 6 40.58 0.67 0.79

IL-6 (pg/mL)
Baseline 1.56 6 0.21 1.28 6 0.25 0.36 0.06
End 1.59 6 0.30 1.48 6 0.25 0.74 0.07

TNF-a (pg/mL)3

Baseline 1.87 6 0.232 1.74 6 0.28 0.43 0.23
End 1.89 6 0.38 1.90 6 0.31 0.96 0.38

MDA (mmol/L)
Baseline 1.35 6 0.05 6.76 6 5.50 0.33 0.81
End 1.32 6 0.049 6.58 6 5.53 0.33 0.82

Values are mean6 SEMunless otherwise indicated. 1P values are resulted from paired t test and resulted from
ANCOVA in the adjusted model. 2P values show the interaction of time 3 sex3 variable. 3Regarding these
three variables (CRP, D-dimer, and TNF-a), geometric means are reported. 4Adjusted for carbohydrate in-
take. 5Adjusted for carbohydrate intake and sex.
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However, in the current study, no
distinct difference on inflammatory fac-
tors was observed between the two
groups. Contrary to ourfindings, one study
reported the beneficial effect of soy con-
taining isoflavones on IL-6 and TNF-a lev-
els among postmenopausal women (30).
The findings from a longitudinal study
thatwas conducted in type 2DN for 4 years
have shown that soy protein intake signif-
icantly reduced CRP level (12). Results of
present study showed near-significant re-
duction in serum CRP level following soy
milk consumption; however, it might be
significant if the duration of our interven-
tion was .4 weeks.

Oxidative stress has an important role
in pathology of some diseases (31). One
study revealed that soy product consump-
tion for 8 weeks could reduce MDA levels
in patients with the metabolic disorder
(13). Our findings did not show a signifi-
cant reduction on oxidative stress indices
following soy milk consumption. This
might be due to the types of soy products
and study duration compared with others.
The role of soy foods on health is contro-
versial. Gut microflora, ethnic origin, and
dietary context may affect absorption, me-
tabolism, and bioavailability of isoflavones
(32). Also, bioavailability of isoflavones is
associated with gut transit time, fecal di-
gestion rates, lactase, some dietary factors,
and storage conditions of soy milk (33).
Lactase may be needed in hydrolyzation of
isoflavone glucosides in the small intestine
(34,35). Therefore, these factors might
have a role in not seeing any major
changes in the current study.

We attempted to follow patients in
each phase and used a dietary record to

assess the food intake. However, dietary
assessment might have some biases. We
could not measure serum or urine isofla-
vones levels, which could be a limitation
of this study. It is suggested that the
relation between serum or urine isofla-
vones levels and inflammatory markers or
coagulating factors will be assessed in
future studies. We only measured MDA
for evaluating the oxidative stress. This
seems weak to present some conclusions.
MDA is an end product of lipid perox-
idation; however, the use of this assay to
assess oxidative stress status is problem-
atic because MDA is not a specific product
of lipid peroxidation. Furthermore, be-
cause of financial limitations, we could
not measure F2 isoprostane, protein car-
bonyls, total antioxidant capacity, or
plasma antioxidant enzyme activities.

Strengths of the current study are the
crossover design, high percentage of pa-
tients who completed this study, and
detailed data collection through face-to-
face meetings. Moreover, soy milk and
cow’s milk were provided for all patients.

As a summary, our findings showed
that soy milk consumption for 4 weeks
could decrease serum D-dimer level and
had no significant effects on the inflam-
mation and oxidative stress in patients
with DN.
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