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Eicosapentaenoic and Docosahexaenoic Acids Attenuate Progression
of Albuminuria in Patients With Type 2 Diabetes Mellitus and
Coronary Artery Disease
Tarec K. Elajami, MD;* Abdulhamied Alfaddagh, MD;* Dharshan Lakshminarayan, MBBS; Michael Soliman, MD; Madhuri Chandnani, MBBS;
Francine K. Welty, MD, PhD

Background-—Albuminuria is a marker of inﬂammation and an independent predictor of cardiovascular morbidity and mortality.
The current study evaluated whether eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) supplementation attenuates
progression of albuminuria in subjects with coronary artery disease.
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Methods and Results-—Two-hundred sixty-two subjects with stable coronary artery disease were randomized to either Lovaza
(1.86 g of EPA and 1.5 g of DHA daily) or no Lovaza (control) for 1 year. Percent change in urine albumin-to-creatinine ratio (ACR)
was compared. Mean (SD) age was 63.3 (7.6) years; 17% were women and 30% had type 2 diabetes mellitus. In nondiabetic
subjects, no change in urine ACR occurred in either the Lovaza or control groups. In contrast, ACR increased 72.3% (P<0.001) in
diabetic subjects not receiving Lovaza, whereas those receiving Lovaza had no change. In diabetic subjects on an angiotensinconverting enzyme-inhibitor or angiotensin-receptor blocker, those receiving Lovaza had no change in urine ACR, whereas those
not receiving Lovaza had a 64.2% increase (P<0.001). Change in ACR was directly correlated with change in systolic blood pressure
(r=0.394, P=0.01).
Conclusions-—EPA and DHA supplementation attenuated progression of albuminuria in subjects with type 2 diabetes mellitus and
coronary artery disease, most of whom were on an angiotensin-converting enzyme-inhibitor or angiotensin-receptor blocker. Thus,
EPA and DHA supplementation should be considered as additional therapy to an angiotensin-converting enzyme-inhibitor or
angiotensin-receptor blocker in subjects with type 2 diabetes mellitus and coronary artery disease.
Clinical Trial Registration-—URL: http://www.clinicaltrials.gov. Unique identiﬁer: NCT01624727. ( J Am Heart Assoc. 2017;6:
e004740. DOI: 10.1161/JAHA.116.004740.)
Key Words: albuminuria • angiotensin-converting enzyme inhibitor • coronary artery disease • omega-3 fatty acids • type 2
diabetes mellitus

T

ype 2 diabetes mellitus remains the leading cause of
chronic kidney disease worldwide. The prevalence of
diabetic nephropathy, a type of chronic kidney disease, has
been increasing in patients with type 2 diabetes mellitus.1,2
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Albuminuria is common in patients with type 2 diabetes
mellitus,3 hypertension,4 and the general population.5,6
Prospective and epidemiologic studies have shown that
albuminuria is an independent predictor of cardiovascular
morbidity and mortality and all-cause mortality in subjects
with hypertension,7,8 type 2 diabetes mellitus,9–12 and the
general population.13–19 Moreover, urine albumin-to-creatinine ratio (ACR) <30 lg/mg, which has generally been
considered in the normal range, has been shown to predict
incident hypertension and cardiovascular disease mortality at
11-year follow-up in subjects who were healthy and nondiabetic at baseline.20 Furthermore, albuminuria is a better
predictor for long-term mortality after acute myocardial
infarction than C-reactive protein (hazard ratio: 1.8; 95% CI,
1.1–3.1 for albuminuria versus 1.1; 95% CI, 0.7–1.8 for
C-reactive protein).21
Subclinical inﬂammation may link albuminuria to cardiovascular disease.22 Albuminuria is associated with
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Methods
Study Design
The study was an open-label, prospective, single-center,
randomized, parallel study of subjects with CAD recruited
from the cardiovascular clinic at Beth Israel Deaconess
Medical Center. The protocol was approved by the Beth Israel
Deaconess Medical Center Institutional Review Board, and all
subjects signed informed consent. The primary end point of
the trial is to examine the effect of Lovaza on progression of
fatty, ﬁbrous, and calciﬁed plaque in the coronary arteries
over a 30-month period. A prespeciﬁed secondary outcome is
change in albuminuria over a 12-month period.

Participants
Eligible participants were aged 36 to 80 years at time of
enrollment and had stable CAD deﬁned as at least 1 of the
following: ≥50% stenosis in at least 1 coronary artery at
catheterization, previous myocardial infarction (≥6 months
prior) or percutaneous coronary intervention (≥6 months
prior), coronary bypass surgery (>12 months prior), abnormal
exercise treadmill test (deﬁned as at least 1 mm of horizontal
or downsloping ST depression in at least 2 contiguous ECG
leads) or an area of reversible ischemia on nuclear imaging,
DOI: 10.1161/JAHA.116.004740

pharmacologic stress, or stress echocardiography with subsequent revascularization. Additional inclusion criteria
included normal renal function as measured by estimated
creatinine clearance using the Cockcroft-Gault equation ≥60 mL/min.37 Our aim was to target inﬂammation with
an omega-3 fatty acid (Lovaza) to prevent progression of
coronary plaque; therefore, we recruited subjects predicted to
have a higher underlying inﬂammatory burden. Inﬂammation
underlies overweight/obesity38; thus, additional inclusion
criteria included a body mass index of ≥27 kg/m2 or a body
mass index of 25 to 26.5 kg/m2 with an increased waist
circumference (to reﬂect abdominal obesity) based on criteria
of the International Diabetes Federation Task Force on
Epidemiology and Prevention or at least 2 components of
the metabolic syndrome, which include the following: triglyceride >150 mg/dL, high-density lipoprotein cholesterol
<40 mg/dL if male or <50 mg/dL if female, glucose
>100 mg/dL or treated hypertension or blood pressure
>135/85 mm Hg.39

Randomization and Study Intervention
Randomization was computer-allocated in blocks of 4 and
stratiﬁed by presence or absence of type 2 diabetes mellitus.
Participants were randomly assigned to receive either openlabel, omega-3 ethyl esters prepared from ﬁsh oil (Lovaza) in
the form of 4 capsules daily or no omega-3 supplementation
(termed control). All subjects were taking a statin and aspirin.
Subjects in the Lovaza group received 3.36 g of Lovaza as 4
soft gels, each 1000-mg capsule containing predominantly
EPA (465 mg) and DHA (375 mg) for a total daily dose of
1.86 g EPA and 1.5 g DHA for 12 months. Lovaza was
provided by GlaxoSmithKline (Research Triangle Park, NC).

Data Collection and Laboratory Measurements
Data were collected at baseline and at 1 year of intervention
in the Clinical Research Center at Beth Israel Deaconess
Medical Center. A detailed history, physical examination,
height, weight, waist circumference, and blood pressure
measurements and ECG were obtained. Blood samples were
obtained after a 12-hour fast, and plasma and serum were
prepared. Glucose, hemoglobin A1c (HbA1c), chemical proﬁle,
total white blood cell count, absolute neutrophil, lymphocyte,
monocyte, and platelet counts and lipid panel were measured
at Quest Diagnostics (Cambridge, MA).
A morning spot urine sample was collected before
randomization and at 1 year. We did the following in our
urine collection process to minimize variability in ACR.
Circadian variation in albuminuria has been well documented,
with lowest levels during sleep and early morning and highest
during the day40–42; therefore, we collected samples at the
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inﬂammation; for every 1 mg/L increase in C-reactive protein,
there was a 2% increased odds of albuminuria.23 Albuminuria
is also a marker of generalized endothelial dysfunction, a key
step in the pathogenesis of coronary artery disease (CAD).24–
26
Albuminuria is also associated with activation of the renin–
angiotensin–aldosterone system.22 Previous intervention
studies have shown that inhibition of the renin–angiotensin–
aldosterone system with an angiotensin-converting enzyme
inhibitor (ACE-I) or an angiotensin-receptor blocker (ARB)
reduced albuminuria and associated cardiovascular morbidity
and mortality in diabetic subjects.27–29 Therefore, ACE-I or
ARB therapy is now considered standard of care for diabetic
patients to reduce albuminuria and associated cardiovascular
morbidity and mortality.30
Omega-3 polyunsaturated fatty acids are a dietary component that can be obtained in fatty ﬁsh or as supplements.
Results of prior studies examining the effect of omega-3 fatty
acids on albuminuria have had variable results in nondiabetic
and diabetic subjects,31–36 but no study has examined their
effect on albuminuria in patients with CAD. The objective of
the current study was to assess the effect of very long-chain
omega-3 fatty acids—eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) in the form of Lovaza—on
albuminuria in patients with stable CAD both with and without
type 2 diabetes mellitus.
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Statistical Analysis
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The analysis was performed following intention-to-treat principles to compare whether Lovaza attenuated worsening of
albuminuria in diabetic and nondiabetic subjects over a 1-year
period. A similar analysis was done in a prespeciﬁed subgroup
of diabetic subjects receiving an ACE-I or an ARB. Normality
tests were conducted using the Shapiro–Wilk test. Continuous
variables were reported as the mean (SD) for normally
distributed variables and as median (interquartile range) for
ACR, which was not normally distributed. Continuous variables were compared using paired (within group) and unpaired
(control versus Lovaza) t tests for normally distributed
variables. Non-normally distributed variables were compared
using the signed-rank test (within group comparisons) and
Wilcoxon-Mann–Whitney (control versus Lovaza). Pairwise
comparisons for each of the study arms compared the
percent change at 1 year compared to baseline and were
stratiﬁed according to diabetes mellitus status. All analyses
were conducted using SAS version 9.3 (SAS Institute Inc.) or
SPSS version 20.0 (IBM Corp., Armonk, NY). All tests were 2sided and a P value of less than 0.05 was considered
statistically signiﬁcant.

Results
Participants
Of 336 subjects assessed for eligibility, 13 were excluded as
they did not meet the inclusion criteria, and 32 declined to
participate (Figure). The remaining 291 subjects were randomized with 147 allocated to Lovaza and 144 assigned to no
Lovaza (control). Thirteen of those receiving Lovaza and 15 of
those not receiving Lovaza discontinued the intervention and
did not have 1-year follow-up. The intention-to-treat analysis
included 262 subjects (134 receiving Lovaza and 128 in
control) with measurements of ACR at baseline and 1-year
DOI: 10.1161/JAHA.116.004740

follow-up. Four subjects did not tolerate Lovaza; 17 controls
took ﬁsh oil.
For the total group, mean age (SD) was 63.3 (7.6) years,
17.2% (45) were women, and 30% (79) had type 2 diabetes
mellitus; 85% of diabetic subjects were receiving an ACE-I or
ARB. The baseline characteristics stratiﬁed by diabetes
mellitus status are shown in Table 1. Glucose, HbA1c, and
ACR levels were signiﬁcantly lower in the nondiabetic subjects
compared to the diabetic subjects. There was no signiﬁcant
difference in any baseline characteristics in the control and
Lovaza groups stratiﬁed by diabetes mellitus status (Table 2).

Outcomes
Table 3 shows the change at 1-year follow-up in the control
versus Lovaza groups for the nondiabetic subjects. Those
receiving Lovaza had a signiﬁcant reduction in triglyceride
level (P<0.001) and increase in high-density lipoprotein
cholesterol level (P=0.01). The triglyceride reduction in those
receiving Lovaza was signiﬁcantly different compared to those
not receiving Lovaza (P<0.001), but high-density lipoprotein
cholesterol change was not (P=0.23). Of note, there was no
signiﬁcant change in glucose levels in either group.
Table 4 shows the change at 1-year follow-up in the
control versus Lovaza groups for the diabetic subjects. Those
receiving Lovaza had a signiﬁcant reduction in triglyceride
level (P=0.005) without a change in high-density lipoprotein
cholesterol. Although glucose level signiﬁcantly increased in
the Lovaza group (P=0.04), there was no signiﬁcant difference
in percent change in levels of glucose or HbA1c between the
Lovaza and control groups.
ACR was not normally distributed; therefore, we calculated
median change at 1 year compared to baseline in control
versus Lovaza groups stratiﬁed by diabetes mellitus status.
Table 5 shows that in nondiabetic subjects, there was no
difference in percent change in ACR in those on Lovaza
compared to those in the control group ( 5.85% versus
4.29%, respectively, P=0.56). In contrast, in diabetic subjects,
the controls had a signiﬁcant 72.3% increase in ACR
(P<0.001) compared to no signiﬁcant change in those on
Lovaza (4.63%) (P=0.04 for Lovaza versus control). Therefore,
Lovaza attenuated the worsening of ACR in diabetic subjects.
Of note, 61 of the 79 diabetic subjects had ACR <30 lg/mg,
15 had ACR of 30 to 300 lg/mg, and 3 had ACR >300 lg/
mg. In the 7 diabetic controls with baseline ACR 30 to
300 lg/mg, none had improvement in their ACR to <30 lg/
mg at 1-year follow-up. In contrast, among the 8 subjects who
were on Lovaza, 3 had reversal of ACR from 30 to 300 lg/mg
to ACR <30 lg/mg (between group P=0.20). We next
examined the number who had any decrease in ACR. Five in
the control group (12.5%) and 17 in the Lovaza group (43%)
(P=0.002) had a decrease in ACR. This 3-fold difference is
Journal of the American Heart Association

3

ORIGINAL RESEARCH

same time—between 7:30 to 8:30 AM—on both collection
days. Diet and exercise also raise ACR43–46; therefore, we
collected samples in the fasting state and prior to exercise on
the collection day. Because storage of samples prior to
measurement can affect variability,47,48 our samples were
immediately stored at 1 to 4°C and measured within 24 hours
on a single analyzer to minimize variability. Urine albumin was
measured by immunoturbidimetric assay, and urine creatinine
was measured by a colorimetric, kinetic assay at Quest
Diagnostics. Urine albumin (micrograms per milliliter) to
creatinine (milligrams per deciliter) ratio (ACR) was calculated
as a measure of albuminuria. The Modiﬁcation of Diet in Renal
Disease formula was employed to calculate estimated
glomerular ﬁltration rate (mL/min per 1.73 m2).
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Figure. Participant ﬂow through the trial.
very signiﬁcant and demonstrates an important change in an
early phase of albuminuria.
Table 6 stratiﬁes diabetic subjects by ACR <30, 30 to 300,
and >300 lg/mg and shows the change in each group. In
those with ACR <30 lg/mg, the controls had a signiﬁcant
increase in ACR (P<0.001), whereas those on Lovaza had a
decrease that approached signiﬁcance (P=0.096) as did the
between-group comparison (P=0.10). In those with ACR 30 to
300 lg/mg, the increase in ACR in controls approached
signiﬁcance (0.063), whereas those on Lovaza did not have a
signiﬁcant change. Those on Lovaza with ACR >300 lg/mg
had a decrease in ACR with a small number of subjects. These
DOI: 10.1161/JAHA.116.004740

results suggest that Lovaza prevents the progression of
albuminuria at an early stage of disease in those with ACR
<30 lg/mg.

Subgroup Analysis in Diabetic Subjects
ACE-I and ARB treatment have been shown to attenuate
worsening of albuminuria in diabetic subjects27–29; therefore,
we examined results in only the diabetic subjects receiving either
an ACE-I or ARB. There were no signiﬁcant differences in
creatinine clearance at baseline compared to 1 year within the
control group (95.222.1 mL/min versus 95.326.3 mL/min,
Journal of the American Heart Association
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Table 1. Baseline Characteristics Stratiﬁed by Diabetes Mellitus Status*
Characteristics

Non-DM (n=183)

DM (n=79)

P Value†

Age, y

63.37.8

63.57.2

0.85

30.13.4

31.73.8

0.001

BMI, kg/m

2

Waist circumference, cm

105.29.7

110.411.9

<0.001

Weight, kg

89.513.2

95.216.2

0.007

HbA1c, % (mmol/mol)

5.80.3 (40.03.0)

7.21.1 (55.012.0)

<0.001

Glucose, mg/dL (mmol/L)

93.410.6 (5.20.6)

138.143.9 (7.72.4)

<0.001

Systolic BP, mm Hg

124.614.5

125.315.5

0.72

Diastolic BP, mm Hg

73.79.2

70.69.8

0.01

Met syndrome, n (%)

77 (42.1%)

69 (87.3%)

<0.001

CrCl, mL/min

99.023.1

103.834.1

0.21

81.515.3

79.520.8

0.45

ACR, lg/mg
(mg/mmol)

3.9 [2.5, 6.9]
(0.4 [0.3, 0.8])

7.3 [3.9, 27.6]
(0.8 [0.4, 3.1])

<0.001

Total cholesterol, mg/dL (mmol/L)

152.434.9 (4.00.9)

150.237.4 (3.91.0)

0.66

LDL-C, mg/dL (mmol/L)

78.426.8 (2.00.7)

77.029.7 (2.00.8)

0.72

eGFR, mL/min per 1.73 m

2
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HDL-C, mg/dL (mmol/L)

47.814.9 (1.20.4)

44.513.2 (1.20.3)

0.09

Triglycerides, mg/dL (mmol/L)

134.587.1 (1.51.0)

145.087.4 (1.61.0)

0.37

Ethanol, units/week

4.96.2

2.33.9

<0.001

AST, IU/L

24.28.0

22.98.2

0.26

ALT, IU/L

25.310.8

24.411.5

0.54

ACR indicates albumin-to-creatinine ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BP, blood pressure; CrCl, creatinine clearance; eGFR,
estimated glomerular ﬁltration rate; DM, diabetes mellitus; HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Met, metabolic.
*Data are expressed as meanSD except for ACR, which is median [interquartile range].
†
P value was calculated using unpaired t test except for ACR, which used Wilcoxon-Mann–Whitney.

respectively, P=0.66) or within the Lovaza group
(109.738.7 mL/min versus 109.333.7 mL/min, respectively, P=0.67) and no signiﬁcant differences in estimated
glomerular ﬁltration rate within the control group
(75.715.5 mL/min per 1.73 m2 versus 72.917.0 mL/min
per 1.73 m2, respectively, P=0.94) or within the Lovaza group
(82.017.4 mL/min per 1.73 m2 versus 81.314.4 mL/min
per 1.73 m2, respectively, P=0.81). Table 5 shows that, in those
diabetic subjects on an ACE-I or ARB (which includes 85% of
diabetic subjects), diabetic subjects not receiving Lovaza had a
64.2% increase in ACR at 1-year follow-up, which was signiﬁcantly
higher than the 2.7% increase in diabetic subjects receiving
Lovaza (P=0.02 for Lovaza versus control). Therefore, Lovaza
attenuated the increase in ACR in those on an ACE-I or ARB.
In the diabetic subjects receiving Lovaza, there was a
signiﬁcant direct correlation between change in ACR and
change in systolic blood pressure (r=0.394, P=0.01). Because
those on Lovaza did not have a reduction in blood pressure,
we examined this relationship further by comparing the
median change in ACR in the total group of diabetic subjects
stratiﬁed by whether they had a decrease or increase in
DOI: 10.1161/JAHA.116.004740

systolic blood pressure. Table 7 shows that those with a
reduction in systolic blood pressure in the total group of
diabetic subjects have a signiﬁcant decrease in ACR
(P=0.005), a ﬁnding consistent with the known literature.49
This expected reduction in ACR with decrease in systolic
blood pressure suggests that the ACRs in our study are likely
to be pathological even though the majority had ACR in what
has been considered a normal range. The point is that an ACR
<30 lg/mg may not be normal for diabetic subjects, the
majority of whom will eventually develop worsening ACR. We
then stratiﬁed the group by treatment arm. Among controls,
median ACR increased in both those with a decrease and
increase in systolic blood pressure (P=0.81) (Table 7). On the
other hand, among the Lovaza group, those with a reduction
in systolic blood pressure had a median 19% reduction in ACR
compared to a median 49.6% increase in those with an
increase in systolic blood pressure (between-group P<0.001),
a ﬁnding suggesting that the effect of Lovaza on ACR is more
pronounced in those with a decrease in blood pressure. When
comparing the treatment arms among those with a reduction
in blood pressure, those receiving Lovaza had a median 19%
Journal of the American Heart Association
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Table 2. Baseline Characteristics of Diabetics and Nondiabetics at Randomization*
Nondiabetics (n=183)
Characteristics

Diabetics (n=79)
Control (n=40)

Lovaza (n=39)

P Value†

0.65

64.5 (6.9)

62.2 (7.3)

0.17

0.57

31 (77.5%)

33 (84.6%)

0.42

9 (22.5%)

6 (15.4%)

Control (n=88)

Lovaza (n=95)

P Value

63.6 (7.6)

63.1 (8.1)

Men, N (%)

75 (85.2%)

78 (82.1%)

Women, N (%)

13 (14.8%)

17 (17.9%)

†

Demographics
Age, y
Sex

Inclusion criteria (may have more than 1)
Previous myocardial
infarction

37 (42.0%)

45 (47.4%)

0.47

16 (40.0%)

22 (56.4%)

0.14

Angioplasty/stent

55 (62.5%)

56 (58.9%)

0.62

21 (52.5%)

29 (74.4%)

0.04

Previous CABG

25 (28.4%)

19 (20.0%)

0.18

12 (30.0%)

8 (20.5%)

0.33

Anthropometrics and vital signs
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BMI, kg/m2

30.03.4

30.33.4

0.54

31.83.9

31.63.7

0.86

Waist, cm

104.59.8

105.89.6

0.34

111.312.5

109.511.3

0.49

Weight, kg

89.114.7

89.911.8

0.69

94.316.0

96.116.4

0.62

Systolic BP, mm Hg

124.814.9

124.414.2

0.83

123.915.0

126.816.0

0.41

Diastolic BP, mm Hg

74.08.9

73.49.6

0.66

68.88.2

72.411.0

0.10

HbA1c, % (mmol/mol)

5.80.3 (40.03.0)

5.80.4 (40.04.0)

0.78

7.41.4 (57.016.0)

7.00.8 (53.09.0)

0.13

Glucose, mg/dL
(mmol/L)

93.210.1 (5.20.6)

93.611.0 (5.20.6)

0.80

143.550.6 (8.02.8)

132.535.5 (7.42.0)

0.27

CrCl, mL/min

98.923.1

99.123.3

0.95

96.926.5

111.039.5

0.07

eGFR, mL/min per
1.73 m2

81.913.1

81.117.2

0.72

76.519.5

82.621.8

0.19

ACR, lg/mg
(mg/mmol)

3.5 [2.5, 6.4]
(0.4 [0.3, 0.7])

4.2 [2.6, 9.1]
(0.5 [0.3, 1.0])

0.23

7.8 [4.1, 23.5]
(0.9 [0.5.2.7])

5.7 [3.5, 32.8]
(0.6 [0.4, 3.7])

0.72

Total cholesterol, mg/dL
(mmol/L)

152.534.9 (3.90.9)

152.235.1 (3.90.9)

0.94

149.342.5 (3.91.1)

151.231.9 (3.90.8)

0.83

LDL-C, mg/dL (mmol/L)

79.025.7 (2.00.7)

77.827.8 (2.00.7)

0.75

77.233.8 (2.00.9)

76.825.2 (2.00.7)

0.95

HDL-C, mg/dL (mmol/L)

48.516.0 (1.30.4)

47.113.8 (1.20.4)

0.52

42.69.6 (1.10.3)

46.516.0 (1.20.4)

0.19

Triglycerides, mg/dL
(mmol/L)

125.967.2 (1.40.8)

142.6102.0 (1.61.2)

0.19

150.4101.2 (1.71.1)

139.571.4 (1.60.8)

0.58

Ethanol, units/week

5.27.0

4.55.4

0.46

2.33.9

2.44.1

0.93

AST, IU/L

23.68.1

24.77.9

0.35

23.89.1

227.2

0.33

ALT, IU/L

24.69.4

26.011.9

0.40

22.76.6

26.214.8

0.19

Labs

ACR indicates albumin-to-creatinine ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BP, blood pressure; CABG, coronary artery bypass
graft; CrCl, creatinine clearance; eGFR, estimated glomerular ﬁltration rate; HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol.
*Data are expressed as meanSD or N (%) except for ACR, which is median [interquartile range].
†
P values calculated using unpaired t test except for ACR, which used Wilcoxon-Mann–Whitney test.

reduction in ACR whereas controls had a median increase of
84.3%, (P=0.002).
The correlations between change in ACR and change in
triglyceride level, diastolic blood pressure, white blood cell

DOI: 10.1161/JAHA.116.004740

count, monocytes, neutrophils, and lymphocytes were not
signiﬁcant (r=0.059, P=0.72; r=0.166, P=0.31; r=0.162,
P=0.32; r= 0.18, P=0.91; r=0.205, P=0.21; and r=0.073,
P=0.66, respectively).
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73.78.1
95.325.1

93.410.0 (5.20.6)
124.815.1
74.08.9

Glucose, mg/dL (mmol/L)

Systolic BP, mm Hg

Diastolic BP, mm Hg

152.035.1 (3.90.9)
78.525.8 (2.00.7)
48.315.9 (1.30.4)
126.767.7 (1.40.8)

Total chol, mg/dL (mmol/L)

LDL-C, mg/dL (mmol/L)

HDL-C, mg/dL (mmol/L)

Triglycerides, mg/dL (mmol/L)

126.672.6 (1.40.8)

48.714.8 (1.30.4)

80.529.0 (2.10.8)

154.536.7 (4.01.0)

1464.3472.9

3922.81610.6

4.31

2.49

5.20

2.81

8.50

7.40

6.60

7.30

2.71

3.53

0.23

0.30

1.57

1.03

0.16

0.46

%Change

0.99

0.70

0.44

0.40

0.003

0.001

0.07

0.01

0.03

0.003

0.72

0.40

0.10

0.02

0.81

0.28

P Value

143.7102.8 (1.61.2)

47.113.9 (1.20.4)

77.628.0 (2.00.7)

152.236.3 (3.90.9)

1849.02122.7

4138.21332.5

517.3149.7

6.72.6

80.717.1

99.323.3

73.59.6

124.514.2

94.010.9 (5.20.6)

5.80.4 (40.04.0)

105.89.6

30.33.5

Baseline

Lovaza (n=95)

111.059.4 (1.30.7)

48.913.5 (1.30.4)

81.435.5 (2.10.9)

152.642.2 (4.01.1)

1670.7973.2

3632.91107.9

466.0136.7

6.01.5

80.316.9

96.924.7

73.613.3

122.819.8

92.912.3 (5.20.7)

5.70.4 (39.04.0)

105.28.9

29.93.6

1-Year

16.88

5.80

7.07

1.17

9.60

12.20

9.9

11.3

0.10

2.01

1.33

1.1

0.76

0.68

0.4

1.39

%Change

<0.001

<0.001

0.71
0.23

0.06

0.15

0.56

0.06

<0.001
0.90

0.10

0.01

<0.001
0.19

0.02

0.14

0.37

0.69

0.67

0.56

0.59

0.41

0.16

P Value‡

<0.001

0.66

0.06

0.91

0.34

0.30

0.11

0.24

0.005

P Value†

ACR indicates albumin-to-creatinine ratio; BMI, body mass index; BP, blood pressure; chol, cholesterol; CrCl, creatinine clearance; eGFR, estimated glomerular ﬁltration rate; HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; WBC, white blood cells.
*Data are expressed as meanSD.
†
P values calculated using paired t test or signed-rank test for percent change between baseline and 1 year within the same group.
‡
P values calculated using unpaired t test for percent change between the 2 groups (Control vs Lovaza) except for ACR, for which we used the Wilcoxon-Mann–Whitney test.

1600.0541.5

Monocytes, cells/lL

507.3172.3

542.9172.0
4236.61740.4

Neutrophils, cells/lL

Lymphocytes, cells/lL

6.11.9

6.61.9

WBC, 9109 cells/L

79.813.3

98.823.2
82.413.7

CrCl, mL/min

eGFR, mL/min per 1.73 m2

123.713.5

91.59.2 (5.10.5)

5.70.3 (39.03.0)

5.80.3 (40.03.0)

HbA1c, % (mmol/mol)

104.410.1

29.83.4

1-Year

104.39.8

29.93.4

Baseline

Waist circumference, cm

BMI, kg/m

2

Characteristics

†

ORIGINAL RESEARCH
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Table 3. Percent Change in Study Variables in Nondiabetic Subjects at 1-Year Follow-Up Compared to Baseline*
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154.4102.3 (1.71.2)
8 (20%)

Triglycerides, mg/dL (mmol/L)

ACR ≥30 lg/mg
14 (35%)

135.678.2 (1.50.9)

42.010.6 (1.10.3)

74.623.3 (1.90.6)

143.733.5 (3.70.9)

1592.1579.8

4285.41468.8

521.4179.6

6.61.8

72.718.2

97.729.3

69.69.2

127.517.7

75%

5.86

0.94

4.63

1.04

6.4

2.2

3.3

0.7

1.03

0.39

1.73

4.08

2.85

2.1

0.56

2.79

%Change

0.012

0.20

0.82

0.65

0.31

0.43

0.17

0.72

0.87

0.79

0.97

0.62

0.16

0.68

0.36

0.46

0.30

P Value

10 (25.6%)

139.572.4 (1.60.8)

45.915.8 (1.20.4)

75.724.5 (2.00.6)

149.530.5 (3.90.8)

1816.0766.4

4222.81281.9

512.5210.1

6.71.8

81.822.6

111.039.5

72.411.0

126.816.0

132.535.5 (7.42.0)

7.00.8 (53.09.0)

109.511.3

31.63.7

Baseline

Lovaza (n=39)

11 (28.2%)

118.161.9 (1.30.7)

45.417.2 (1.20.4)

71.326.9 (1.80.7)

140.431.8 (3.60.8)

1696.3827.1

3791.41204.4

454.9185.2

6.11.6

80.715.7

108.532.8

74.922.6

126.114.7

155.163.1 (8.63.5)

7.41.5 (57.017.0)

110.212.0

31.43.7

1-Year

10%

9.77

0.68

4.57

5.63

6.6

10.2

11.2

9.1

0.97

0.73

3.58

0.23

21.57

5.46

0.74

0.71

%Change

0.711

0.005

0.66

0.17

0.008

0.003

0.028

0.008

0.002

0.63

0.28

0.46

0.76

0.04

0.13

0.55

0.33

P Value†

0.167

0.59

0.63

0.18

0.21

0.25

0.68

0.05

0.08

0.99

0.71

0.68

0.21

0.08

0.40

0.89

0.46

P Value‡

ACR indicates albumin-to-creatinine ratio; BMI, body mass index; BP, blood pressure; chol, cholesterol; CrCl, creatinine clearance; eGFR, estimated glomerular ﬁltration rate; HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; WBC, white blood cells.
*Data expressed as meanSD.
†
P values calculated using paired t test or signed-rank test for percent change between baseline and 1 year within the same group.
‡
P values calculated using unpaired t test for percent change between the 2 groups (Control vs Lovaza) except ACR, which is Wilcoxon-Mann–Whitney test.

41.89.2 (1.10.2)

HDL-C, mg/dL (mmol/L)

1700.3545.8

Monocytes, cells/lL
148.843.5 (3.91.1)

4194.01736.9

Lymphocytes, cells/lL

76.734.6 (2.01.1)

539.4166.9

Neutrophils, cells/lL

Total chol, mg/dL (mmol/L)

6.62.0

WBC, 9109 cells/L

LDL-C, mg/dL (mmol/L)

97.626.5
73.318.1

68.88.3

Diastolic BP, mm Hg

eGFR, mL/min per 1.73 m2

123.413.9

Systolic BP, mm Hg

CrCl, mL/min

142.350.8 (7.92.8)

138.650.7 (7.72.8)

7.51.6 (58.018.0)

7.41.4 (57.016.0)

HbA1c, % (mmol/mol)

Glucose, mg/dL (mmol/L)

30.96.6

1-Year

112.213.5

31.83.9

Baseline

111.612.6

Waist circumference, cm

BMI, kg/m

2

Characteristics

†

ORIGINAL RESEARCH
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Control (n=40)

Table 4. Percent Change in Study Variables in Diabetic Subjects at 1-Year Follow-Up Compared to Baseline*
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Albumin-to-Creatinine Ratio (ACR)
Baseline*, Median [IQR]

1-Year*, Median [IQR]

Median of % Change

P Value†

P Value‡

Control (n=88), lg/mg
(mg/mmol)

3.5 [2.5, 6.4]
(0.4 [0.3, 0.7])

3.6 [2.4, 8.7]
(0.4 [0.3, 1.0])

4.29

0.59

0.56

Lovaza (n=95), lg/mg
(mg/mmol)

4.2 [2.6, 9.1]
(0.5 [0.3, 1.0])

3.9 [2.3, 9.9]
(0.4 [0.3, 1.1])

Control (n=40), lg/mg
(mg/mmol)

7.8 [4.1, 23.5]
(0.9 [0.5, 2.7])

14.6 [5.9, 32.9]
(1.7 [0.7, 3.7])

72.31

<0.001

Lovaza (n=39), lg/mg
(mg/mmol)

5.7 [3.5, 32.8]
(0.6 [0.4, 3.7])

8.8 [3.1, 66.7]
(1.0 [0.4, 7.5])

4.63

0.33

Control (n=34), lg/mg
(mg/mmol)

8.3 [4.1, 28.2]
(0.9 [0.5, 3.2])

18.5 [6.6, 32.9]
(2.1 [0.8, 3.7])

64.18

<0.001

Lovaza (n=33), lg/mg
(mg/mmol)

6.4 [3.5, 37.8]
(0.7 [0.4, 4.3])

10.0 [3.1, 38.3]
(1.1 [0.4, 4.3])

2.74

0.19

Nondiabetic subjects

5.85

0.91

Diabetic subjects
0.04

Diabetics on ACE-I or ARB
0.02

Downloaded from http://jaha.ahajournals.org/ by guest on July 26, 2017

ACE-I indicates angiotensin-converting enzyme inhibitor; ACR, albumin-to-creatinine ratio; ARB, angiotensin-receptor blocker; IQR, interquartile range.
*All values presented as median [interquartile range] in lg/mg (mg/mmol).
†
P values calculated using signed-rank for within-group difference at 1 year compared to baseline.
‡
P values calculated using Wilcoxon-Mann–Whitney for Control vs Lovaza.

Discussion
In this randomized clinical trial of subjects with CAD, daily
supplementation with Lovaza for 1 year attenuated the

worsening of albuminuria in diabetic subjects, the majority
of whom had an ACR <30 lg/mg. Moreover, signiﬁcantly
more (3-fold) subjects on Lovaza had a decrease in ACR
compared to control, and 3 on Lovaza had a change in

Table 6. Baseline and Follow-Up ACR in Diabetic Subjects According to ACR Category
Albumin-to-Creatinine Ratio (ACR)
Baseline*, Median [IQR]

1-Year*, Median [IQR]

Median of % Change [IQR]

P Value†

P Value‡

Control (n=32), lg/mg
(mg/mmol)

6.7 [3.8, 10.6]
(0.8 [0.4, 1.2])

9.5 [5.2, 28.3]
(1.1 [0.6, 3.2])

86.9 [21.7, 192.3]

<0.001

0.10

Lovaza (n=29), lg/mg
(mg/mmol)

4.9 [3.0, 7.4]
(0.6 [0.3, 0.8])

4.7 [2.2, 12.6]
(0.5 [0.3, 1.4])

21.9 [ 21.0, 146.2]

0.096

Control (n=7), lg/mg
(mg/mmol)

47.4 [36.0, 112.7]
(5.4 [4.1, 12.7])

79.5 [41.1, 284.5]
(9.0 [4.6, 32.2])

26.3 [ 0.1, 105.8]

0.063

Lovaza (n=8), lg/mg
(mg/mmol)

62.3 [38.2, 75.5]
(7.0 [4.3, 8.5])

83.9 [24.5, 96.2]
(9.5 [2.8, 10.9])

19.4 [ 44.2, 109.2]

1.000

Control (n=1), lg/mg
(mg/mmol)

449.0 [449.0, 449.0]
(50.7 [50.7, 50.7])

552.4 [552.4, 552.4]
(62.4 [62.4, 62.4])

Lovaza (n=2), lg/mg
(mg/mmol)

762.8 [436.0, 1089.6]
(86.2 [49.3, 123.1])

567.4 [494.6, 640.2]
(64.1 [55.9, 72.3])

ACR Category

ACR <30 lg/mg

ACR 30 to 300 lg/mg
0.20

ACR >300 lg/mg
23.0 [23.0, 23.0]
13.9 [ 41.2, 13.4]

NA

0.70

0.66

ACR indicates albumin-to-creatinine ratio; IQR, interquartile range.
*All values presented as median [interquartile range] in lg/mg.
†
P values calculated using signed-rank test for within-group difference at 1 year compared to baseline.
‡
P values calculated using Wilcoxon-Mann–Whitney for Control vs Lovaza.
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Table 5. Median Change in ACR at 1-Year Follow-Up Compared to Baseline According to Diabetes Mellitus Status and ACE-I or
ARB Status
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Table 7. Median of Percent Change in ACR Stratiﬁed by Reduction or Increase in SBP in Diabetic Subjects
ACR
Median of % Change [IQR]*
P Value†

Total (n=79)

Control (n=40)

Reduction in SBP (n=51)

9.9 [ 35.6, 106.7]

84.3 [9.9, 139.2]

Increase in SBP (n=27)

100.0 [21.9, 367.5]

128.7 [36.8, 428.8]

49.6 [15.1, 267.1]

0.005

0.81

0.001

P value

‡

Lovaza (n=39)

19.0 [ 52.1, 23.8]

0.002
0.528

ACR indicates albumin-to-creatinine ratio; IQR, interquartile range; SBP, systolic blood pressure.
*All values presented as median [interquartile range].
†
P values calculated using Wilcoxon-Mann–Whitney for Control vs Lovaza.
‡
P values calculated using Wilcoxon-Mann–Whitney for those with reduction in SBP vs those with increase in SBP.
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category from >30 to <30 lg/mg whereas no controls did.
These results suggest that there is beneﬁt and perhaps even
reversal of ACR with Lovaza at an early stage of disease in
those with ACR <30 lg/mg and those with microalbuminuria.
Since ACE-I or ARB therapy has been shown to reduce
pathologic albuminuria and associated cardiovascular morbidity and mortality27–29 and is now considered standard of
care for diabetic patients,30 we examined whether Lovaza
added any beneﬁt in diabetic subjects who were receiving
ACE-I or ARB treatment and had normal renal function. The
current results show that Lovaza attenuated the increase in
ACR in diabetic subjects on an ACE-I or ARB. Thus, this is the
ﬁrst study to show that Lovaza may provide beneﬁt in slowing
progression of early-stage albuminuria in diabetic subjects
with CAD on an ACE-I or ARB.
An ACR <30 lg/mg has generally been considered to be
in the normal range; however, nondiabetic, healthy subjects
with an ACR of 7.4 to 30 lg/mg at baseline were recently
reported to have an increased incidence of hypertension and
cardiovascular mortality compared to those with ACR
<7.4 lg/mg in 11-year follow-up.20 Therefore, an ACR
<30 lg/mg may be an early indicator of pathology. The
majority of our subjects had an ACR <30 lg/mg, a ﬁnding
which could partially be attributable to the fact that we
minimized variability in ACR measurements by collecting urine
samples in the fasting state at the same time in the early
morning on both collection days, in the absence of exercise
and with measurements on fresh samples within 24 hours. In
this manner, we also minimized level of ACR since ACR levels
are lowest during waking hours in the early morning and
increase postprandially and with exercise.40–42 Under these
conditions, any albumin excretion in the <30 lg/mg range
may be indicative of early pathology. Changes in albuminuria,
including ACR <30 lg/mg, are predictive of cardiovascular
outcomes.20,50 The majority of diabetic subjects will eventually develop albuminuria; therefore, strategies to lower
progression of albuminuria in the earliest stages may be
important and may prevent or delay atherosclerosis and
DOI: 10.1161/JAHA.116.004740

cardiovascular disease.51 Our results suggest that if we start a
preventive strategy early, signiﬁcant disease might be
preventable in some instances or mitigated in others. If one
waits until signiﬁcant disease is present, reduction in
albuminuria because of structural renal change may not be
possible in the majority of patients.
Prior trials of the effect of omega-3 fatty acids on
albuminuria have examined primarily nondiabetic subjects
without known clinical CAD and with various causes of
chronic kidney disease. In a meta-analysis of 17 clinical trials
in patients with albuminuria attributable to either diabetes
mellitus, IgA nephropathy, or mixed causes of renal disease,
omega-3 fatty acids of various doses reduced urinary protein
excretion 19% (95% CI, 34 to 4; P=0.01).32 Previous
studies of the effect of omega 3 fatty acids on albuminuria in
diabetic subjects have been limited. A 21% reduction was
noted in 7 trials of subjects with both type 1 and type 2
diabetes mellitus, but it was not signiﬁcant, possibly due to a
small sample size (95% CI, 46 to 4, P=0.10).32 In 2 prior
clinical trials limited to subjects with type 2 diabetes mellitus
but without CAD (Table 8), pure EPA signiﬁcantly reduced
albuminuria over a 12-month period; however, the number of
patients was small, ranging from 21 to 45, and only 1 trial was
randomized.33,34 A third trial of 3.6 g/day of EPA and DHA in
a crossover design of 6-month duration showed no signiﬁcant
beneﬁt.35 In a fourth trial of 6 weeks duration in type 2
diabetes mellitus, omega-3 fatty acids had no beneﬁt on
albuminuria in the total group, but a signiﬁcant reduction
occurred when omega-3 fatty acids were added to an ACE-I or
ARB (Table 8).36
The differences in outcome in these previous trials may be
attributable to dose, duration, and differences in study design
and study subject characteristics, which can lead to weakness
in generating conclusions. Compared to these prior studies,
strengths of our clinical trial are that it is the ﬁrst to examine
CAD patients, included both diabetic and nondiabetic subjects, included a larger number (79) of diabetic subjects than
previous trials, and randomization was stratiﬁed by diabetes
Journal of the American Heart Association
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Mean ACR at Baseline,
lg/mg

Omega-3 Fatty
Acid Dose

Duration

45

200 (control) 447
(EPA)

EPA 0.9 g/day

12 months

40.8

<0.01

Single arm trial

21

24.4

EPA 1.8 g/day

48 weeks

43.03

<0.05

Crossover (sequential)

24

6.0 (placebo) 4.8
(omega-3 fatty
acid) excluded ACR
>300 lg/mg

EPA & DHA 3.6
g/day

6 months

20

0.38

Miller et al, 201336

Crossover

60

161 mg/day [115–
414]

EPA & DHA
4 g/day

6 weeks

7.2

0.35 ( 20.6 to 8.5)

Miller et al, 201336

Subgroup analysis (Type
2 DM on ACE-I or ARB)

42

EPA & DHA
4 g/day

6 weeks

17

0.04 0.83 (0.69–1.0)

Trial

Design

N

Shimizu et al, 199533

Randomized

Okuda et al, 199634
Zeman et al, 200635

% Reduction
in Albuminuria

P Value (95% CI)

ACE-I indicates angiotensin-converting enzyme inhibitor; ACR, albumin-to-creatinine ratio; ARB, angiotensin-receptor blocker; DHA, docosahexaenoic acid; DM, diabetes mellitus; EPA,
eicosapentaenoic acid.
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mellitus status. Moreover, it is the ﬁrst trial to use a high dose
of EPA and DHA for 1 year. Thus, our study design strengthens conﬁdence in our ﬁndings and the scientiﬁc premise that
EPA and DHA may be beneﬁcial.
Potential mechanisms for the beneﬁcial effect of EPA and
DHA include a beneﬁcial effect on renal hemodynamics as
shown in several prior studies.36,52,53 In subjects with
diabetes mellitus receiving Lovaza in the current study, the
change in ACR was signiﬁcantly directly correlated with the
change in systolic blood pressure; however, Lovaza itself was
not associated with a reduction in systolic blood pressure.
Rather, those with a reduction in blood pressure on Lovaza
had a signiﬁcant reduction in ACR, in contrast to controls who
did not have beneﬁt with blood pressure reduction, a ﬁnding
suggesting that beneﬁcial hemodynamic effects may be
contributing to the attenuation of worsening of ACR in those
receiving Lovaza.
A second postulated beneﬁcial effect is through improvement of dyslipidemia. The development of chronic kidney
disease and albuminuria are associated with elevated levels of
serum triglyceride,54 and tissue accumulation of lipids in the
kidney may underlie the development of diabetic nephropathy.55,56 In the current study, diabetic subjects receiving Lovaza
had a signiﬁcant reduction in triglyceride level; however, there
was no correlation between reduction in plasma triglyceride and
attenuation of worsening of albuminuria, a ﬁnding suggesting
that plasma triglyceride reduction is not responsible for
attenuation of worsening of albuminuria, although we cannot
exclude changes in tissue accumulation of triglyceride.
In the current study, diabetic subjects receiving Lovaza had
a signiﬁcant increase in glucose level over 12 months
(P=0.022); however, the between-group change (Lovaza
versus control) in glucose was not signiﬁcant. This increase
in glucose level could be linked to the triglyceride-lowering
DOI: 10.1161/JAHA.116.004740

effect of Lovaza which, by impairing hepatic triglyceride
synthesis, may divert substrates from lipogenesis to gluconeogenesis in the fasting state. In support of this, Basu et al57
reported that gluconeogenesis was higher in diabetic compared to obese nondiabetic subjects (P<0.05) with omega-3
fatty acid supplementation. Moreover, Glauber et al58
reported a signiﬁcant increase in fasting glucose from 13.1
to 15.3 mmol/L (P=0.03) with omega-3 fatty acid supplementation for 1 month in 6 men with type 2, non-insulindependent diabetes mellitus. They also demonstrated
increased basal hepatic glucose output (from 97 to
122 mg/m2; P=0.004). On the other hand, in the nonfasting
period, hepatic glucose production is suppressed by the
availability of glucose in the blood. HbA1c reﬂects the average
glucose level within the prior 3 months in which subjects are
nonfasting and therefore, hepatic gluconeogenesis is suppressed. This may account for the observation of no
signiﬁcant change in HbA1c levels in the diabetic subjects
receiving Lovaza in the current study.
Limitations of the study include the open-label study
design. Although the trial was randomized, our report of ACR
is a secondary outcome, which may be subject to unmeasured
bias. The number of diabetic subjects in the 30 to 300 lg/mg
ACR category is small and may account for the borderline
statistical signiﬁcance for worsening of ACR in the control
group. Finally, the number of diabetic subjects on ACE-I or
ARB is small; therefore, the results are exploratory and
hypothesis-generating.

Conclusion
In conclusion, we have shown that Lovaza attenuates
progression of albuminuria in subjects with type 2 diabetes
mellitus and CAD, most of whom were on an ACE-I or ARB.
Journal of the American Heart Association
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Table 8. Prior Clinical Trials of Effect of Eicosapentaenoic and Docosahexaenoic Acids on Albuminuria in Subjects With Type 2
Diabetes Mellitus
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