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Clinical Characterization of Serum Docosahexaenoic Acid 
and Its Relationship With Inflammation Factors in Patients 
With Diabetic Nephropathy

Li Zhou,1 Di Yao,1 Songqing Zhao,1 Yuzhang Jiang,2 Weiping Lu1

Introduction. A variety of molecular pathways, such as generation 
of advanced glycation end products, inflammation, and oxidative 
stress, are involved in the development of diabetic nephropathy 
(DN). Recently, a protective effect of omega-3 polyunsaturated 
fatty acids on the kidney has been reported. This study aimed 
to determine serum docosahexaenoic acid (DHA) level and its 
association with inflammation factors in patients with DN.
Materials and Methods. One hundred patients with type 2 diabetic 
mellitus were divided into 3 groups of non-DN, early DN, and 
clinical DN, based on 24-hour urinary albumin levels. Hemoglobin 
A1c, biochemical indicators, β2-microglobulin, and 24-hour urine 
albumin levels were assessed. Enzyme linked immunosorbent 
assay was applied to determine the serum concentrations of DHA, 
advanced glycation end products, fractalkine, superoxide dismutase, 
and tumor necrosis factor-α.
Results. Lower serum DHA and superoxide dismutase and higher 
serum β2-microglobulin and 24-hour urine albumin levels were 
associated with clinical DN, compared to no DN and early DN. The 
reductions in serum DHA levels were different among the patients 
with early and clinical DN, stratified by sex, body mass index, and 
serum lipid levels. Serum DHA significantly correlated positively 
with superoxide dismutase and negatively with fractalkine and 
tumor necrosis factor-α in the patients with DN.
Conclusions. Docosahexaenoic acid may suppress the expression 
and secretion of fractalkine through inhibiting the tumor necrosis 
factor-α signaling pathway in DN patients, which improves 
inflammation and oxidative stress of the kidney, and in turn, 
delaying the development of DN.
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INTRODUCTION
As one of the chronic microvascular complications 

of diabetes mellitus, diabetic nephropathy (DN) 
is a major cause of death in patients with type 
1 diabetes mellitus (T1DM). In type 2 diabetes 
mellitus (T2DM), the severity of DN is just below 
that of atherosclerotic lesions in coronary and 
cerebral arteries. In 2001, the prevalence of DN 
in hospitalized patients was recorded as 34.7% in 

China.1 Epidemiological studies have shown an 
annual increase in the prevalence of DN, which 
has a significant negative impact on the quality of 
life of patients with diabetes mellitus. To facilitate 
the development of effective interventions in the 
early stages of DN, it is crucial to understand 
the pathogenesis of the disease and clarify the 
associated mechanisms.

The pathogenesis of DN remains to be established. 
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A variety of molecular pathways are reported 
to be involved in the occurrence of DN, such as 
generation of advanced glycation end products 
(AGE), activation of polyol and protein kinase C 
pathways, inflammation, and oxidative stress.2,3 
Studies to date have focused on the interactions 
between AGEs and their receptors (RAGE), which 
are prevalent in abnormal cellular reactions, 
such as inflammation, autophagy, and apoptosis. 
Accumulating evidence has shown that decreased 
formation of AGEs and suppression of RAGE 
activation can lead to improvement of kidney 
function.4

The transcription factor, nuclear factor-kappa 
B (NF-κB), present in various tissues and cell 
types, is one of the promoters that regulates 
expression of RAGE. Furthermore, RAGE has 
been shown to steadily induce activation of NF-
κB,5 which ultimately promotes expression of 
RAGE to enhance interactions that participate in 
inflammatory events.6 Consequently, a variety of 
cytokines are produced and released that contribute 
to the occurrence of DN. Tumor necrosis factor-α 
(TNF-α), a pro-inflammatory cytokine, is also an 
agonist of NF-κB. Tumor necrosis factor-α impairs 
muscle oxidative metabolism through activation 
of the NF-κB pathway.7

Infiltration of inflammatory cells in the glomerulus 
is an important step in the development of DN. The 
mechanism is reported to be associated with local 
high expression of chemokines.8,9 Fractalkine, the 
only member of the CX3C family, works both as a 
chemoattractant and adhesion molecule. Fractalkine 
plays a regulatory role in protein overload and 
ischemic renal injury through combination with 
its cognate receptor chemokine (C-X3-C motif) 
receptor 1 (CX3CR1).10

Omega-3 poly-unsaturated fatty acids (omega-3 
PUFAs) are essential for normal human growth. 
Alpha linolenic acid, eicosapentaenoic acid and 
docosahexaenoic acid (DHA) are the three main 
members of the omega-3 PUFA family.11 Numerous 
studies have reported multiple physiological 
functions of omega-3 PUFA, such as resistance to 
inflammation, dilation of blood vessels, resistance 
to platelet aggregation, reduction of blood pressure, 
and improvement of metabolism. Additionally, 
omega-3 PUFA plays an important role in kidney 
protection. An epidemiological survey showed that 
omega-3 PUFA prevents the decrease in creatinine 

clearance ratio in healthy elderly individuals, 
reduces the risk of proteinuria in patients with 
T1DM, slows down the progress of proteinuria 
in elderly patients with T2DM, and delays the 
decline in renal function, although the associated 
mechanisms remain unclear at present.12 The 
current study has focused on serum DHA and its 
relationship with inflammation factors in patients 
with DN.

MATERIALS AND METHODS
Study Population

One hundred patients with T2DM were selected 
from Huai’an First People’s Hospital, Nanjing 
Medical University (2014 to 2015). The T2DM 
diagnosed was based on the 1999 World Health 
Organization criteria. According to 24-hour urinary 
albumin levels, patients were divided into non-DN 
(< 30 mg/24 h, n = 30), early DN (30 mg/24 h to 
300 mg/24 h, n = 40), and clinical DN groups (> 
300 mg/24 h, n = 30). The following were excluded: 
cases of T1DM, acute T2DM complications (including 
diabetic ketoacidosis, hyperglycemia hypertonic 
syndrome, and diabetic lactic acidosis), secondary 
diabetes mellitus (pancreatic exocrine disease, 
other endocrine diseases, and diabetes mellitus 
caused by drugs or chemicals), serious systemic 
disease (heart, lung, liver, or kidney failure), severe 
hypertension (systolic blood pressure > 180 mm Hg 
or diastolic blood pressure > 110 mm Hg), acute or 
chronic glomerular nephritis, nephrotic syndrome, 
lupus nephritis, obstructive nephropathy, gouty 
nephropathy, urinary tract infection, fever, chronic 
diarrhea, tuberculosis, administration of drugs 
(except angiotensin-converting enzyme inhibitors 
and angiotensin receptor antagonists), and other 
factors influencing urinary protein, routine urine 
examination for hematuria or tube urine, as well as 
mental disease, pregnancy, and nursing mothers. 
Patients taking drugs, health products, or food 
containing DHA were additionally excluded.

The study protocol followed with the principles 
outlined in the Declaration of Helsinki and informed 
consent was obtained from the study participants.

Anthropometric and Blood Pressure 
Measurements

Anthropometric evaluations included weight, 
height, and waist circumference. Weight was 
measured without heavy clothing using an 
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electronic scale. Height was assessed in patients 
without shoes with a settled wall distance meter. 
Body mass index (BMI) was calculated as weight 
divided by height squared. Waist circumference was 
measured at the midpoint between the edge of the 
ribs and the superior border of the ilium at the end 
of the expiration period. Daytime seated systolic 
blood pressure and diastolic blood pressure were 
measured using a mercury sphygmomanometer 
at 8 AM with 15-minute breaks. Every individual 
was measured 3 times with 2-minute intermission 
periods, and the mean values of the three blood 
pressure measurements were used for analysis.

Indicator Measurements
Serum samples were collected into dry tubes from 

each patient in the morning after overnight fasting. 
Urine specimens (24-hour samples) were obtained 
in disposable urine cups. Both serum and urine 
samples were centrifuged at 2000 g for 15 minutes 
and stored at -80°C. Fasting plasma glucose, 2-hour 
postmeal plasma glucose, total cholesterol, total 
triglycerides, low-density lipoprotein cholesterol, 
high-density lipoprotein cholesterol, blood uric 
acid, blood urea nitrogen, serum creatinine, blood 
calcium and phosphorus, and 24-hour urine albumin 
were measured using auto-analyzers according 
to the manufacturer’s instructions (Hitachi 7600, 
Ibaraki Prefecture, Japan). Hemoglobin A1c was 
determined via ion chromatography in keeping with 
the manufacturer’s instructions (hlc73g8, Tosoh 
AIA, Tokyo, Minato, Japan). Chemiluminescence 
was applied to measure the concentration of 
β2-microglobulin (Architect i4000 sr, Abbot, 
USA). Estimated glomerular filtration rate (GFR) 
was calculated using the serum creatinine-
based Chronic Kidney Disease Epidemiology 
Collaboration equation.13 Serum levels of DHA 
and superoxide dismutase (SOD) were measured 
using an enzyme-linked immunosorbent assay kit 
(USCN Life Science, Hankou, Wuhan, China), and 
serum AGEs, fractalkine, and TNF-α were assessed 
using an enzyme-linked immunosorbent assay kit 
(Signalway Antibody LLC, College Park, Maryland, 
USA) according to the manufacturers’ protocols. 
All samples were measured in triplicate.

Statistical Analysis
Data were analyzed using the SPSS software 

(Statistical Package for the Social Sciences, version 

17.0, SPSS Inc, Chicago, IL, USA). Quantitative data 
were presented as mean ± standard deviations. 
Normal distribution of data was analyzed with 
the independent-samples t  test or the 1-way 
analysis of variance, and nonnormal distribution 
data with the Kruskal-Wallis Rank sum test. 
Correlations of all the indicators were explored 
using the Pearson correlation coefficient. The chi-
square test was applied to compare the component 
ratios. Differences at a P value less than .05 were 
considered significant.

RESULTS
Clinical Data and Diabetic Nephropathy

We observed no significant differences in age, 
sex ratio, course of the disease, systolic blood 
pressure, diastolic blood pressure, BMI, or waist 
circumference among the three groups of non-
DN, early DN, and clinical DN. Compared with 
patients in the non-DN group, those with early DN 
contained lower serum DHA and higher serum 
AGEs, fractalkine, TNF-α, β2-microglobulin, and 
24-hour urine albumin levels. Lower concentrations 
of serum DHA, SOD, calcium, and estimated GFR 
and higher concentrations of blood urea nitrogen, 
serum creatinine, serum β2-microglobulin, and 24-
hour urine albumin were observed in the clinical 
DN group relative to the other two groups (Table 1).

Docosahexaenoic Acid and Diabetic 
Nephropathy

The patients  that  showed no s ignif icant 
differences in serum DHA levels (Figure 1) were 

Figure 1. Comparison of serum docosahexaenoic acid (DHA) 
levels of patients with and without diabetic nephropathy (DN) 
stratified by body mass index (BMI).
*P < .05 compared to the group without diabetic nephropathy
†P < .05 compared to the early diabetic nephropathy group
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divided into 3 groups according to their BMI. 
Among the patients with normal or low weight 
(BMI < 24 kg/m2), serum DHA levels in the clinical 
DN group were significantly lower than those in 
the other two groups (F = 8.727, P= .001; non-DN 
versus clinical DN, P = .001; early DN versus 
clinical DN, P = .002). Overweight patients (BMI, 
24 kg/m2 to 27.99 kg/m2) in the clinical DN group 
contained markedly lower concentrations of serum 
DHA than those in the non-DN group (F = 5.304, 
P = .01; non-DN versus clinical DN, P = .003). Serum 
DHA levels were significantly higher in the non-
DN group than the other two groups among obese 
patients (BMI ≥ 28 kg/m2; F = 10.793, P < .001; 
non-DN versus early DN, P = .02; non-DN versus 
clinical DN, P = .005). Furthermore, serum DHA 
in the clinical DN group was clearly lower than 
that in the early DN group (P = .006).

In the patients with normal or low levels of 
serum triglyceride, serum DHA concentrations in 
the non-DN and early DN groups were significantly 
higher than those in the clinical DN group, which 
was also evident in the patients with normal or 
low total cholesterol levels, high triglyceride level, 
normal or high high-density lipoprotein cholesterol 
level, and normal or low –low-density lipoprotein 
cholesterol level. Among the patients with normal or 
high high-density lipoprotein cholesterol level and 
normal or low low-density lipoprotein cholesterol 
level, serum DHA was lower in the early DN than 
the non-DN group (Table 2).

Stratifying patients in the three groups by sex, 
serum levels of DHA in the women were lower 
than those in the men in both of the early DN and 
clinical DN groups (non-DN, P = .66; early DN, 
P = .003; clinical DN, P = .04; Figure 2).

Diabetic Patients
Characteristic No Nephropathy Early Nephropathy Clinical Nephropathy P

Age, y 56.07 ± 13.66 59.25 ± 13.52 58.50 ± 10.80 .58
Sex,%

Male 43.3 55.0 53.3 .60
Female 56.7 45.0 46.7

Course, y 8.01 ± 9.02 8.03 ± 7.39  10.77 ± 6.50  .10
Systolic blood pressure, mm Hg 135.50 ± 8.67  136.10 ± 11.54  140.47 ± 9.74  .12
Diastolic blood pressure, mm Hg 75.47 ± 6.74  78.20 ± 9.46 78.17 ± 9.69 .37
Body mass index, kg/m2 24.54 ± 3.40  26.17 ± 3.77  24.88 ± 4.46 .18
Waist circumference, cm 86.13 ± 9.27  87.03 ± 9.29  87.57 ± 8.44 .83
Hemoglobin A1c, % 8.37 ± 1.56 8.48 ± 1.71 7.95 ± 1.32 .35
Fasting blood glucose, mmol/L 7.96 ± 2.02 8.50 ± 2.21 8.59 ± 2.48 .49
2-hour plasma glucose, mmol/L 11.56 ± 3.06 12.09 ± 2.98 11.86 ± 3.14 .77
Total cholesterol, mmol/L 4.78 ± 0.88 4.38 ± 1.06 4.82 ± 1.37 .19
Triglyceride, mmol/L 1.85 ± 0.80 1.70 ± 0.94 1.87 ± 1.52 .42
High-density lipoprotein cholesterol, mmol/L 1.23 ± 0.16 1.15 ± 0.26 1.30 ± 0.29 .06
Low-density lipoprotein cholesterol, mmol/L 2.62 ± 0.53 2.54 ± 0.75 2.85 ± 0.80 .20
Calcium, mmol/L 2.32 ± 0.13 2.31 ± 0.11 2.21 ± 0.17*† .003
Phosphorus, mmol/L 1.32 ± 0.20 1.28 ± 0.19 1.32 ± 0.25 .64
β2-microglobulin, µg/mL 1.57 ± 0.32 2.03 ± 0.57* 3.05 ± 1.18*† < .001
Uric acid, µmol/L 267.45 ± 63.81 294.73 ± 84.46 348.32 ± 105.36* .002
Blood urea nitrogen, mmol/L 5.84 ± 1.80 6.03 ± 1.91 10.46 ± 6.11*† .001
Serum creatinine, µmol/L 57.81 ± 9.89 67.22 ± 28.26 161.96 ± 118.77*† < .001
Glomerular filtration rate, mL/min/1.73 m2 102.61 ± 9.32 97.61 ± 23.76 67.77 ± 32.00*† < .001
24 hour urine protein, g/24 h 0.28 ± 0.05 0.32 ± 0.14 2.37 ± 1.77*† < .001
24 hour urine albumin, mg/24 h 14.26 ± 6.39 108.43 ± 72.12* 1598.48 ± 1357.39*† < .001
Superoxide dismutase, ng/mL 1.23 ± 0.42 1.21 ± 0.40 0.65 ± 0.37*† < .001
Advanced glycation end products, ng/mL 2.85 ± 1.17 4.00 ± 1.19* 4.83 ± 0.96*† < .001
Docosahexaenoic acid, pg/mL 812.96 ± 216.27 716.83 ± 183.85* 484.24 ± 185.65*† < .001
Fractalkine, ng/mL 1.00 ± 0.42 1.44 ± 0.71* 1.98 ± 0.74*† < .001
Tumor necrosis factor-α, pg/mL 9.72 ± 2.07 17.15 ± 2.93* 41.15 ± 4.43*† < .001

Table 1. Clinical Characteristic of Diabetic Participants

*P < .05 compared to the group without diabetic nephropathy
†P < .05 compared to the early diabetic nephropathy group
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Correlation Analysis
Serum DHA positively correlated with SOD and 

negatively correlated with fractalkine and TNF-α in 
the DN patients (Table 3). The correlations of the 
four other indicators were additionally analyzed. 
Figure 2 depicts the differences in serum DHA 
levels between the male and female DN patients. 
Correlation analyses of DHA with SOD, AGEs, 
fractalkine, and TNF-α by sex with DN are presented 
in Table 4. Serum DHA was positively correlated 
with SOD in the male patients and negatively 
correlated with fractalkine and TNF-αin both of 
the male and the female patients.

DISCUSSION
Diabetic nephropathy is  the most severe 

Figure 2. Comparison of serum docosahexaenoic acid (DHA) 
levels of men and women with and without diabetic nephropathy 
(DN).
*P < .05 compared to the men

non-DN Early DN Clinical DN

Lipid Profile n Mean DHA, 
pg/mL n Mean DHA, 

pg/mL n Mean DHA, pg/mL P

Total cholesterol, mg/dL
Normal or low 26 808.32 ± 224.01 38 723.91 ± 186.00 26 484.62 ± 188.74*† < .001
High 3 840.80 ± 220.97 1 572.38 4 481.77 ± 190.56 0.16

Triglyceride, mg/dL
Normal or low 15 760.80 ± 264.51 24 713.17 ± 174.44 17 459.35 ± 191.22*† < .001
High 14 866.20 ± 150.64 15 730.98 ± 206.94 13 516.78 ± 180.32*† < .001

High-density lipoprotein cholesterol, mg/dL
Low 0 … 4 657.8 ± 73.81 1 719.41 …
Normal or high 20 817.65 ± 174.74 26 704.32 ± 199.26* 23 488.69 ± 187.81*† < .001

Low-density lipoprotein cholesterol, mg/dL
Normal or low 19 829.74 ± 170.71 29 702.80 ± 188.73* 19 524.88 ± 202.28*† < .001
High 1 587.82 1 562.17 5 397.30 ± 80.65 …

Table 2. Comparison of Serum Docosahexaenoic Acid (DHA) Levels of Patients With and Without Diabetic Nephropathy (DN) By Serum 
Lipid Parameters

*P < .05 compared to the group without diabetic nephropathy
†P < .05 compared to the early diabetic nephropathy group

Docosahexaenoic 
Acid

Superoxide 
Dismutase

Advanced Glycation 
End Products Fractalkine Tumor Necrosis 

Factor-Α
Docosahexaenoic acid … 0.375 (.001) -0.137 (.26) -0.34 (.004) -0.512 (< .001)
Superoxide dismutase 0.375 (.001) … -0.213 (.08) -0.02 (.005) -0.58 (< .001)
Advanced glycation end products -0.137 (.256) -0.213 (.08) … 0.444 (.000) 0.364 (.002)
Fractalkine -0.34 (.004) -0.02 (.005) 0.444 (< .001) … 0.354 (.003)
Tumor necrosis factor-α -0.512 (< .001) -0.58 (< .001) 0.364 (.002) 0.354 (.003) …

Table 3. Correlation Analysis of the Measured Parameters in Patients With Diabetic Nephropathy*

*Values are correlation coefficient (P value).

Superoxide 
Dismutase

Advanced Glycation 
End Products Fractalkine Tumor Necrosis 

Factor-Α
Docosahexaenoic acid

Men 0.388 (.02) -0.044 (.79) -0.199 (.23) -0.574 (< .001)
Women 0.343 (.06) -0.257 (.16) -0.68 (< .001) -0.501 (.003)

*Values are correlation coefficient (P value).

Table 4. Correlation Analysis of Docosahexaenoic Acid With Other Parameters by Sex*
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complication of diabetes that is the leading cause of 
end-stage renal disease worldwide.14 Characteristics 
of early DN include microalbuminuria, subsequent 
enhancement of albuminuria, and increased levels 
of serum creatinine that eventually leads to kidney 
failure.1 A number of medications have been used 
to protect kidney function and delay progression 
of DN to date. Over the past few years, a series of 
randomized controlled trials have been conducted 
to explore new treatments for DN. However, these 
studies have provided uncertain or negative data 
or even been terminated due to lack of efficacy and 
safety considerations.15 Therefore, the development 
of safe and efficacious therapy for patients with 
DN remains an urgent unmet medical need.

The pathogenesis of DN is complex and details of 
the underlying mechanisms are yet to be elucidated. 
Both in vivo and in vitro studies have demonstrated 
that AGEs play key roles in DN. Interactions 
between AGEs and RAGE trigger inflammation, 
oxidative stress, and fibrotic reactions, causing 
progressive changes in kidney structure and 
loss of kidney function in patients with diabetes 
mellitus.16 In our experiments, serum AGE levels 
in the two DN groups were significantly higher 
than those in the non-DN group, with increasing 
AGE concentrations in line with deterioration of 
DN. Correlation analysis with 4 other indicators 
revealed that serum AGEs were positively correlated 
with fractalkine and TNF-α, important factors in 
the inflammatory response in DN patients. These 
results support the potential of AGE-induced 
inflammation as a therapeutic target for DN.

Inflammation of glomeruli and tubulointerstitial 
regions is a stage in the progression of DN, 
suggesting an important status of inflammation in 
the pathogenesis of the disease. Fractalkine, a unique 
chemokine, plays a critical role in inflammation, 
vascular remodeling and fibrosis in the kidney via 
chemotaxis of mononuclear macrophages, T cells, and 
other inflammatory cells.17 A recent meta-analysis 
showed that serum TNF-α concentrations were 
significantly increased in T2DM patients and even 
higher in T2DM patients with DN, suggesting that 
DN enhanced the inflammatory burden.18 Similar 
to data obtained with AGEs, concentrations of 
fractalkine and TNF-α were increased in DN patients. 
Furthermore, fractalkine was positively correlated 
with TNF-α, indicating that fractalkine might exert 
its effects through interactions with TNF-α.

Oxidative stress, another important mechanism 
in the pathogenesis of DN, is also closely associated 
with inflammation. Increased serum urotensin-
II may play a role in the development of DN 
in view of its correlation with high levels of 
oxidative stress parameters.19 Experimental models 
indicate that oxidative stress and inflammation, 
which supplement each other in visceral fat and 
blood vessels, are key processes that induce the 
initiation, progression, and subsequent rupture 
of atherosclerotic lesions.20 Data from our study 
showed significantly lower levels of serum SOD, 
a classic marker of oxidative stress, in clinical DN 
than the other two groups. Superoxide dismutase 
was negatively correlated with both fractalkine and 
TNF-α. Accordingly, we speculate that interactions 
between fractalkine and TNF-α aggravate oxidative 
stress in patients with DN.

O m e g a - 3  P U F A s ,  e s p e c i a l l y  D H A  a n d 
eicosapentaenoic acid, exert considerable beneficial 
effects to maintain physiological homeostasis in 
the human body, which may help to decrease 
the incidence of obesity and its complications.11 
The positive functions of omega-3 PUFAs on the 
cardiovascular system in T2DM patients are well 
documented.21 Supplementation of DHA, a natural 
peroxisome proliferator-activated receptor ligand 
in metabolic pathways, is reported to prevent 
and reduce the risk of cardiovascular disease 
and control complications caused by diabetes 
mellitus.22 Supplementation of omega-3 PUFA in 
DN patients has been shown to exert beneficial 
effects on AGEs and RAGE.23 Eicosapentaenoic 
acid and DHA suppress activation of NF-κB, the 
prototype inflammatory transcription factor.24 In 
an earlier study, treatment with fish oil rich in 
DHA and eicosapentaenoic acid suppressed the 
serum concentrations of TNF-α, interleukin-6, 
interleukin-1β ,  and nitric oxide metabolites, 
compared with the placebo group.25 Omega-3 
PUFA supplementation led to successful reduction 
of serum pro-inflammatory cytokine levels. The 
triad of oxidative stress, inflammation, and 
immune cell aging involves important mechanisms 
triggering pre-disease that may be improved 
through nutritional intervention.26 One study 
showed that higher erythrocyte omega-3 PUFA 
status protected against development of T2DM in 
overweight women.27 In the present study, levels 
of serum DHA in female patients were lower than 
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those in male patients with DN.
To date, most research on the relationship 

between omega-3 PUFA and T2DM has concentrated 
on dietary intake of omega-3 PUFA,2 with limited 
focus on serum omega-3 PUFA levels. In the 
current study, we examined serum levels of DHA 
in diabetes patients in addition to correlations 
with inflammatory factors and indicators of 
oxidative stress. Notably, levels of serum DHA 
were decreased in DN patients and further differed 
between early and clinical DN patients stratified by 
sex, BMI, and serum lipid levels. Serum DHA was 
correlated positively with SOD and negatively with 
fractalkine and TNF-α in DN patients. Due to the 
small sample size, we did not explore the factors 
influencing DHA via multiple linear regression 
analysis to determine the underlying reasons for 
the observed differences. The next logical step to 
solve this problem is to expand the sample size 
in future studies.

CONCLUSIONS
Docosahexaenoic acid may suppress expression 

and secretion of fractalkine by inhibiting the 
TNF-α signaling pathway in DN patients, and 
in turn, improving inflammation and oxidative 
stress of kidney and delaying the development 
of DN. Further research is warranted to confirm 
this theory, both in vitro and animal models, and 
elucidate sex-dependent differences.

ACKNOWLEDGMENTS
This study was supported by the Jiangsu 

Provincial Health and Family Planning Commission 
(H201458) and the Science and Technology 
Development fund projects of Nanjing Medical 
University (2013NJMU227).

CONFLICT OF INTEREST
None declared.

REFERENCES
1.	Weng J, Ji L, Jia W, et al. Standards of care for type 2 

diabetes in China. Diabetes Metab Res Rev. 2016;32:442-
58.

2.	Wada J, Makino H. Inflammation and the pathogenesis of 
diabetic nephropathy. Clin Sci (Lond). 2013;124:139-52.

3.	Tripathi YB, Yadav D. Diabetic nephropathy: causes and 
managements. Recent Pat Endocr Metab Immune Drug 
Discov. 2013;7:57-64.

4.	Kumar Pasupulati A, Chitra PS, Reddy GB. Advanced 

glycation end products mediated cellular and molecular 
events in the pathology of diabetic nephropathy. Biomol 
Concepts. 2016;7:293-309.

5.	Bengmark S. Advanced glycation and lipoxidation end 
products--amplifiers of inflammation: the role of food. 
JPEN J Parenter Enteral Nutr. 2007;31:430-40.

6.	Morigi M, Angioletti S, Imberti B, et al. Leukocyte-
endothelial interaction is augmented by high glucose 
concentrations and hyperglycemia in a NF-kB-dependent 
fashion. J Clin Invest. 1998;101:1905-15.

7.	Remels AH, Gosker HR, Verhees KJ, Langen RC, Schols 
AM. TNF-alpha-induced NF-kappaB activation stimulates 
skeletal muscle glycolytic metabolism through activation of 
HIF-1alpha. Endocrinology. 2015;156:1770-81.

8.	Navarro-Gonzalez JF, Mora-Fernandez C, Muros de 
Fuentes M, Garcia-Perez J. Inflammatory molecules and 
pathways in the pathogenesis of diabetic nephropathy. 
Nat Rev Nephrol. 2011;7:327-40.

9.	Ruster C, Wolf G. The role of chemokines and chemokine 
receptors in diabetic nephropathy. Front Biosci. 
2008;13:944-55.

10.	Song KH, Park J, Park JH, Natarajan R, Ha H. Fractalkine 
and its receptor mediate extracellular matrix accumulation 
in diabetic nephropathy in mice. Diabetologia. 
2013;56:1661-9.

11.	Huang CW, Chien YS, Chen YJ, Ajuwon KM, Mersmann 
HM, Ding ST. Role of n-3 Polyunsaturated Fatty Acids in 
Ameliorating the Obesity-Induced Metabolic Syndrome in 
Animal Models and Humans. Int J Mol Sci. 2016;17.

12.	Garman JH, Mulroney S, Manigrasso M, Flynn E, Maric 
C. Omega-3 fatty acid rich diet prevents diabetic renal 
disease. Am J Physiol Renal Physiol. 2009;296:F306-16.

13.	Levey AS, Stevens LA, Schmid CH, et al. A new equation 
to estimate glomerular filtration rate. Ann Intern Med. 
2009;150:604-12.

14.	Hintsa S, Dube L, Abay M, Angesom T, Workicho A. 
Determinants of diabetic nephropathy in Ayder Referral 
Hospital, Northern Ethiopia: A case-control study. PLoS 
One. 2017;12:e0173566.

15.	Egido J, Rojas-Rivera J, Mas S, et al. Atrasentan for the 
treatment of diabetic nephropathy. Expert Opin Investig 
Drugs. 2017;26:741-50.

16.	Matsui T, Nakashima S, Nishino Y, et al. Dipeptidyl 
peptidase-4 deficiency protects against experimental 
diabetic nephropathy partly by blocking the advanced 
glycation end products-receptor axis. Lab Invest. 
2015;95:525-33.

17.	Nakajima K, Tanaka Y, Nomiyama T, et al. Chemokine 
receptor genotype is associated with diabetic nephropathy 
in Japanese with type 2 diabetes. Diabetes. 2002;51:238-
42.

18.	Chen YL, Qiao YC, Xu Y, et al. Serum TNF-alpha 
concentrations in type 2 diabetes mellitus patients and 
diabetic nephropathy patients: A systematic review and 
meta-analysis. Immunol Lett. 2017;186:52-8.

19.	Tabur S, Korkmaz H, Eren MA, Oguz E, Sabuncu T, 
Aksoy N. Urotensin-II level and its association with 
oxidative stress in early diabetic nephropathy. J Diabetes 
Complications. 2015;29:115-9.



Serum Docosahexaenoic Acid in Diabetic Nephropathy—Zhou et al

98 Iranian Journal of Kidney Diseases | Volume 12 | Number 2 | March 2018

20.	Hajjar DP, Gotto AM, Jr. Biological relevance of 
inflammation and oxidative stress in the pathogenesis of 
arterial diseases. Am J Pathol. 2013;182:1474-81.

21.	Kurt A, Andican G, Siva ZO, Andican A, Burcak G. The 
effects of n-3 long-chain polyunsaturated fatty acid 
supplementation on AGEs and sRAGE in type 2 diabetes 
mellitus. J Physiol Biochem. 2016;72:679-87.

22.	Toupchian O, Sotoudeh G, Mansoori A, et al. Effects of 
DHA Supplementation on Vascular Function, Telomerase 
Activity in PBMC, Expression of Inflammatory Cytokines, 
and PPARgamma-LXRalpha-ABCA1 Pathway in 
Patients With Type 2 Diabetes Mellitus: Study Protocol 
for Randomized Controlled Clinical Trial. Acta Med Iran. 
2016;54:410-7.

23.	Mirhashemi SM, Rahimi F, Soleimani A, Asemi Z. Effects 
of Omega-3 Fatty Acid Supplementation on Inflammatory 
Cytokines and Advanced Glycation End Products in 
Patients With Diabetic Nephropathy: a Randomized 
Controlled Trial. Iran J Kidney Dis. 2016;10:197-204.

24.	Calder PC. n-3 fatty acids, inflammation and immunity: 
new mechanisms to explain old actions. Proc Nutr Soc. 
2013;72:326-36.

25.	Ramirez-Ramirez V, Macias-Islas MA, Ortiz GG, et al. 
Efficacy of fish oil on serum of TNF alpha , IL-1 beta , 

and IL-6 oxidative stress markers in multiple sclerosis 
treated with interferon beta-1b. Oxid Med Cell Longev. 
2013;2013:709493.

26.	Kiecolt-Glaser JK, Epel ES, Belury MA, et al. Omega-3 
fatty acids, oxidative stress, and leukocyte telomere 
length: A randomized controlled trial. Brain Behav Immun. 
2013;28:16-24.

27.	Abbott KA, Veysey M, Lucock M, et al. Sex-dependent 
association between erythrocyte n-3 PUFA and type 
2 diabetes in older overweight people. Br J Nutr. 
2016;115:1379-86.

Correspondence to:
Weiping Lu
Huanghe Road West, Huaian 223300, Jiangsu Province, China
Tel: +86 135 1155 6318
E-mail: 429536336@qq.com

Li Zhou and Di Yao contributed equally to this work.

Received July 2017
Revised October 2017
Accepted October 2017




