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Abstract

Background: Low-grade chronic inflammation, characterized by elevations in plasma Interleukin-6 (IL-6), is an independent risk factor of
impaired mobility in older persons. Angiotensin receptor blockers and omega-3 polyunsaturated fatty acids (w-3) may reduce IL-6 and may
potentially improve physical function. To assess the main effects of the angiotensin receptor blocker losartan and -3 as fish oil on IL-6 and
400 m walking speed, we conducted the ENRGISE Pilot multicenter randomized clinical trial.

Methods: The ENRGISE Pilot enrolled participants between April 2016 and June 2017, who participated for 12 months. Participants were
aged >70 years with mobility impairment, had IL-6 between 2.5 and 30 pg/mL, and were able to walk 400 m at baseline. Participants were
randomized in three strata 2 x 2 factorial to: (i) losartan 50-100 mg/d or placebo (n = 43), (ii) fish oil 1,400-2,800 mg/d or placebo (7 = 180),
and (iii) with both (n = 66).

Results: Two hundred eighty-nine participants were randomized (mean age 78.3 years, 47.4% women, 17.0% black). There was no effect of
losartan (difference of means = -0.065 = 0.116 [SE], 95% confidence interval [CI]: -0.293-0.163, p = .58) or fish oil (-0.020 = 0.077, 95%
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CIL: -0.171-0.132, p = .80) on the log of IL-6. Similarly, there was no effect of losartan (-0.025 = 0.026, 95% CI: -0.076-0.026, p = .34) or
fish oil (0.010 = 0.017, 95% CI: -0.025-0.044, p = .58) on walking speed (m/s).
Conclusions: These results do not support the use of these interventions to prevent mobility loss in older adults at risk of disability with low-

grade chronic inflammation.
Registration: Clinicaltrials.gov NCT02676466.

Keywords: Inflammation, Aging, Walking speed, Factorial design, Multicenter trial

Preserving mobility is central to maintaining a high quality of life
and participation in activities to be fully independent in the com-
munity (1). Mobility limitation is associated with subsequent hos-
pitalization, nursing home placement, increased healthcare costs,
and death (2,3). Low-grade chronic inflammation, characterized by
elevations in plasma C-reactive protein, tumor necrosis factor-alpha
(TNF-alpha), and particularly interleukin-6 (IL-6), is an independent
risk factor of disability, impaired mobility, and slow walking speed
(4). Low-grade chronic inflammation is a modifiable risk factor.
However, it is unknown whether interventions that reduce the levels
of inflammatory markers in younger healthier individuals are effect-
ive in the older people with mobility limitations; if so, will reduction
in inflammation per se improve mobility, or avert decline in mobility
in older persons.

To address this gap in evidence, we have conducted the rand-
omized clinical trial ENRGISE (ENabling Reduction of low-Grade
Inflammation in SEniors) Pilot study to test the ability of anti-inflam-
matory interventions for improving or preserving walking ability.
We chose interventions that we expected to be safe, tolerable, accept-
able, and affordable for vulnerable older persons. We have tested the
efficacy of the angiotensin receptor blocker (ARB) losartan (LO) and
omega-3 polyunsaturated fatty acids (w-3) as fish oil.

Methods

Study Design

The study design has been described in detail elsewhere (5).
Briefly, ENRGISE was a multicenter double-blind placebo-con-
trolled three strata clinical trial testing losartan and fish oil in
isolation and in a 2 x 2 factorial. This pilot study was imple-
mented to obtain preliminary data allowing refinement of a set
of key trial design considerations, including the primary outcome
of major mobility disability, sample size calculations, methods for
recruitment, participant retention, adherence to and safety of the
interventions, and organizational infrastructure, and to provide
internal validity concerning the efficacy of the losartan and fish
oil interventions by assessing their effects on IL-6 and 400-meter
walking speed.

The study was conducted at five clinical centers (Northwestern
University, Tufts University, University of Florida, University of
Pittsburgh, and Wake Forest School of Medicine [WFSM]) between
April 2016 and June 2018.

Data management and statistical analyses were performed at
WFSM, and the Administrative Coordinating Center was at the
University of Florida. Both study entry and outcome IL-6 level were
measured at the Central Laboratory at the University of Vermont. The
study was approved by the local institutional review boards. A data
and safety monitoring board monitored safety and the conduct of
the trial; participants gave written informed consent. The protocol is
consistent with the principles of the Declaration of Helsinki and is
registered at Clinicaltrials.gov with identifier NCT02676466.

Participants and Assessments

We enrolled men and women aged 70 years and older who self-
reported difficulty walking one-quarter of a mile or climbing a flight
of stairs, had a 4 m walking speed at usual pace of less than 1 m/s
but were able to complete the 400 m walk, and had a plasma IL-6
of 2.5-30 pg/mL based on the average of two measures taken 1-3
weeks apart, with the first measure being between 2.3 and 30 pg/mL.
Participants were excluded if they reported smoking, acute infection
within 1 month, autoimmune disease, severe arthritis, a neurological
condition causing low walking speed, or other conditions that may
interfere with the participation in the trial (see details in Manini et al.
(5)). Participants taking an angiotensin-converting enzyme inhibitor
(ACEI), ARB, or potassium-sparing diuretic, or those with bilateral
renal artery stenosis, liver cirrhosis, serum potassium >5.0 mEq/l,
intolerance or allergy to ARBs, hypotension, estimated glomerular
filtration rate <15 mL/min per 1.73 m?, congestive heart failure with
ejection fraction <40%, or with type 2 diabetes and taking alisk-
erin were excluded from the losartan strata. Those who had eaten
more than two servings per week of fatty fish in the past year, were
taking fish oil, had intolerance or allergy to fish oil or fish/shellfish,
or with history of paroxysmal or persistent atrial fibrillation were
excluded from the fish oil strata. Temporary exclusion criteria also
included acute myocardial infarction, deep venous thrombosis, pul-
monary embolism, major arrhythmias, or stroke within 6 months,
recent major surgery, uncontrolled hypertension, and uncontrolled
diabetes. The recruitment target was 300 participants approximately
69% female, 20% racial minorities, and 5% Hispanic.

Participants were recruited primarily by means of mass mailing,
community outreach, and media advertising (6). Potential partici-
pants were screened by telephone interviews to assess the main inclu-
sion/exclusion criteria. Those who qualified were invited for the first
screening visit during which a brief informed consent was obtained
and the 4 m walk at usual pace was administered. Plasma IL-6 was
tested in those with a walking speed <1 m/s and >0.14 m/s.

IL-6 was initially measured with a sandwich immunoassay
(Human IL-6 Quantikine ELISA Kit, catalog #HS600B, R & D
Systems, Minneapolis, MN). Levels greater than 10 pg/mL were
measured by using the Human IL-6 QuantiGlo ELISA Kit, catalog
#Q6000B, R & D Systems. Inconsistency in lot-to-lot reagents and
the frequency of reruns required a shift in format. Therefore, later
in the study, IL-6 was measured using the Meso Scale Discovery
(MDS) platform (Mesoscale Discovery, Rockville, MD), using a
singleplex format (Proinflammatory Panel 1 NHP IL-6, catalog
#K156QXG). This assay has a sensitivity of 0.095 pg/mL and was
run in ENRGISE with an overall coefficient of variation of 8 %. With
a greater dynamic range, no dilutions or reruns with a different assay
were needed. The correlation coefficient of this assay correlated to
the ELISA was 0.9373 using test serum sets, and 0.8557 for direct
comparison of ENRGISE samples (influenced by the use of the two
different ELISA assay formats). There was a shift in standardization,
corrected by adjusting all MSD data to the original scale with the
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regression equation ELISA-IL-6 = MSD-IL-6/0.3868, based on direct
comparison of ENRGISE samples (1 = 80).

Participants with qualifying IL-6 levels were invited for the second
screening visit to complete blood testing (CBC, lipids, chemical panel,
from Quest Diagnostics and second IL-6 measure), blood pressure,
and pulse. Validated diet (7-9) and physical activity (10) question-
naires were distributed for completion at home and reviewed at the
baseline visit. If there were no safety concerns, participants attended
the baseline visit during which we administered the full informed
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Figure 1. Consort flow chart. Potential participants could be ineligible for
more than one reason. *No self-reported difficulty walking 2 mile or climbing
steps, n = 1,183. *Current use of ACEl or ARB for those ineligible for both
Losartan and Fish Oil trials, n = 623. *Currently taking omega-3/fish oil for
those ineligible for both Losartan and Fish Qil trials, n = 344. *Usually use a
walker to get around, n=246. * Known/active inflammatory disease, n=230.
*Prior or current atrial fibrillation, for those ineligible for both Losartan and
*Unable to walk one block, n = 204. *Current smoker, n = 185. *Currently
receiving physical therapy for gait, balance, n = 123. *Use of potassium
sparing diuretics for those ineligible for both Losartan and Fish Qil trials,
n = 96. *Lives outside area/relocations, n = 86. *Neurologic conditions,
impaired mobility, n = 75. *Allergy to fish, shell fish, and/or fish oil for those
ineligible for both Losartan and Fish Oil trials, n = 70. *Acute Infection,
n = 66. *>14 alcohol drinks/week, n = 53. *Severe pulmonary disease, n = 47.
*Participation in another intervention study, n = 47. *Consumed more than
two servings per week of fish in the past year for those ineligible for both
Losartan and Fish Oil trials, n = 44. *Age <70, n=41.

consent, the 400 m walk, the Mini-Mental State Examination
(MMSE) (11), a complete medical and health history (including the
drug inventory for medication use and the items to assess frailty)
(12), the short physical performance battery, and we measured height,
weight, and grip strength. If there were no exclusion criteria iden-
tified, the participants were randomized, and the study drugs were
dispensed. The baseline measures (except height, MMSE, diet, and
physical activity) were repeated every 3 months for 12 months of
follow-up in all participants. Blood pressure, and pulse, blood tests,
and adverse events were measured 1-2 weeks after randomization
and after each visit when the losartan dose was modified.

Interventions

Participants were assigned a stratum based on eligibility and then
randomized to losartan or placebo (target 7 = 75), fish oil or placebo
(target 7 = 75), or one of the four combinations in the 2 x 2 factorial
of losartan and fish oil with their placebos (target 7 = 150).

Losartan and matching placebo were obtained from Almac
Group, Souderton, PA, in 25 and 50 mg capsules; they had identical
shape, color, taste, and weight. We initiated participants at a dose of
25 mg/d. If tolerated, we increased the participant dose to 50 mg/d
after 1-2 weeks. If there were no safety concerns, we continued the
participant on 50 mg/d until the 6-month visit. If the average of IL-6
measured at 3- and 6-month visits did not decrease by >40% from
baseline, we further increased the dose to 100 mg/d. Losartan was
reduced in dose or discontinued if there were adverse events, such as
hypotension, hyperkalemia, reduction in glomerular filtration rate,
or other events that could be related to losartan.

Fish oil and placebo (corn oil) were obtained from Epax,
Aalesund, Norway, in 0.7 g gel caps; they had identical shape, color,
and weight. Each 0.7 g of fish oil contained 400 mg eicosapentaenoic
acid and 200 mg docosahexaenoic acid. The purity and composition
of fish oil was assessed by means of nuclear magnetic resonance
spectroscopy. We initiated participants at a dose of 1.4 g/d of fish
oil and continued until the 6-month visit. The fish oil or placebo
intervention was discontinued if there was incident atrial fibrillation,
intolerance to fish oil, or otherwise unexplained increases in fasting
glucose or low density lipoproteins, or anemia. If the average of IL-6
levels measured at 3- and 6-month visits did not decrease by >40%
from baseline, we increased the dose to 2.8 g/d. If there was an acute
illness within 1 month prior to the visit, the 3-month or the 6-month
IL-6 measure was postponed or excluded from titration algorithms.

Sample Size, Power, Statistical Analyses, and Study
Outcomes

Details of the study design have been previously published (5). The
primary outcomes were plasma IL-6 and walking speed over 400 m
at usual pace at 12 months. The primary comparisons of losartan
and fish oil were made using contrasts at 12 months from a mixed
model using all three strata with adjustment for the baseline level
of the outcome, visit, strata, and clinical site. Inflammation markers
were log-transformed prior to analysis. All participants with baseline
and at least one follow-up visit were included in the analysis accord-
ing to their randomized group, consistent with the intention to treat
principle. We report here point estimates and 95% confidence inter-
vals of main effects as well as p-values of two-sided tests. The target
sample size of 300 was based on marginal comparisons (135 and
165/group) of each active intervention and placebo using one-sided
tests at the 10% level. We did not expect definitive evidence; our goal
was to exclude small effects with little clinical value. For IL-6, we
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had 91% power to detect an effect if the difference (on the natural
log scale) was at least 0.16235; this is equivalent to the difference
between 4.20 and 3.57 pg/mL (or a 15% effect). We had 66% power
for a 10% effect and 99% power for a 20% effect. For 400 m walk
speed, we had >99% power to detect a difference of 0.095 m/s (a
substantial meaningful change), and 86% power for a difference of
0.038 m/s (a small meaningful change).

Results

Of the 5,424 persons who were initially screened by phone, a total
of 290 (5.3%) were ultimately randomized. The main reasons for
exclusion are outlined in Figure 1. Among 1,087 participants who
had a slow 4 m walking speed (<1 m/s), 781 (71.8%) qualified by
first IL-6 level. The mean age of the 290 participants was 77.6 years
(SD 5.4 years); 47.4% were women, 22.1% were racial/ethnic
minorities, and had a 400 m walking speed of 0.8 m/s and a BMI of
31.4 kg/m?. The randomized groups had similar baseline character-
istics (Table 1).

Self-reported adherence at 12 months is presented in Table 2. It
was excellent for fish oil and modest for losartan. Retention and the
treatment effects are presented in Table 3.

Table 1. Baseline Characteristics by Randomized Group

When analyzing the main effects after 12 months of interven-
tion, there was no effect of losartan (-0.065 = 0.116 [SE], 95% CI:
-0.293-0.163,p = .58) or fish oil (-0.020 = 0.077,95% CI: -0.171-
0.132, p = .80) on the log of IL-6. Similarly, there was no effect of
losartan (-0.025 = 0.026, 95% CI: -0.076-0.026, p = .34) or fish
oil (0.010 = 0.017, 95% CI: -0.025-0.044, p = .58) on walking
speed (m/s). The main effects at other times are presented in Table 3.
There was also no evidence of an interaction of losartan and fish oil
in the group that was eligible to be randomized to both losartan +
fish oil for either the log of IL-6 (p = .75) or walking speed (p = .75).
Plots of adjusted means over time are presented for IL-6 and walking
speed in Figures 2 and 3. As an exploratory analysis, we have also
compared the combination of fish oil and losartan to placebo from
the third stratum (Figures 2C and 3C). Serious adverse events and
adverse events may be seen in Table 4; the rates were generally low.

Discussion

There was a high rate of inflammation in persons screened for this
study who had slow gait speed (Figure 1). Also, we demonstrated
excellent retention and good adherence to the fish oil intervention.

Treatment
Overall (N =289) Placebo (N =102) Losartan Only (N =39) Fish oil (N=122) Combination (N = 26)

Age in years 77.6 £5.4 774 5.3 77.3 £4.9 78.0 5.6 772 £5.6
Age

70-79 y 186 (87.3%) 67 (90.5%) 25 (89.3%) 76 (81.7%) 18 (100%)

80-89y 20 (9.4%) 6 (8.1%) 3 (10.7%) 1(11.8%) 0(0.0%)

90+y 7 (3.3%) 1(1.4%) 0(0.0%) 6 (6.5%) 0(0.0%)
Female % 137 (47.4%) 49 (48.0%) 18 (46.2%) 58 (47.5%) 12 (46.2%)
White % 225(77.9%) 81 (79.4%) 27 (69.2%) 95(77.9%) 22 (84.6%)
African American % 49 (17.0%) 17 (16.7%) 8 (20.5%) 21 (17.2%) 3(11.5%)
Other/Mixed Race % 15 (5.2%) 4(3.9%) 4 (10.3%) 6 (4.9%) 1(3.8%)
Hispanic % 7 (2.4%) 2 (2.0%) 2 (5.1%) 3(2.5%) 0(0.0%)
Education

Elementary School (K-08) 3(1.0%) 1(1.0%) 1(2.6%) 1(0.8%) 0(0.0%)

High School/Equivalent (09-12) 87 (30.1%) 26 (25.5%) 9(23.1%) 46 (37.7%) 6(23.1%)

College (13-16) 120 (41.5%) 48 (47.1%) 18 (46.2%) 42 (34.4%) 12 (46.2%)

Post Graduate 69 (23.9%) 24 (23.5%) 9(23.1%) 28 (23.0%) 8 (30.8%)

Other 10 (3.5%) 3(2.9%) 2 (5.1%) 5 (4.1%) 0(0.0%)
BMI 314 =57 31152 32.1+6.9 31.5«5.6 31.3+6.0
Weight in kg 87.0+17.8 86.5 = 16.7 90.3 +19.5 86.4+17.2 86.8 +21.8
MMSE 28.0«1.7 279 1.7 282 =+1.6 28.1=1.6 28.0=19
400 m Walk Speed 0.8 0.2 0.8+0.2 0.9+0.2 0.8+0.2 0.8+0.2
SPPB Total Score 8.7x2.1 84+22 8.6 2.1 8919 8.7+2.0
IL6: median and IQ range 3.7 (2.8,4.9) 4.0 (2.8,5.0) 3.8 (3.1,4.5) 3.7(2.8,5.1) 3.2(2.4,4.1)
Systolic Blood Pressure mmHg 135.5 = 18.0 133.2+17.7 139.8 = 13.8 135.1 £ 19.8 139.7 = 14.0
Diastolic Blood Pressure mmHg 72.2+10.1 71.4 +10.8 77.5 8.5 70.3 9.3 758+9.2
Grip Strength Right Hand kg 254 = 8.8 254 =+8.1 26.6 = 10.1 252+ 8.6 24.1 =+ 10.0
Grip Strength Left Hand kg 24.6 = 8.6 24.5+8.3 26.0 9.6 24.2 = 8.3 25.0 = 10.0
Hypertension 200 (69.2%) 71 (69.6%) 22 (56.4%) 96 (78.7%) 11 (42.3%)
Cancer 109 (37.7%) 38 (37.3%) 9(23.1%) 51 (41.8%) 11 (42.3%)
Diabetes 68 (23.5%) 27 (26.5%) 3(7.7%) 37 (30.3%) 1(3.8%)
Myocardial Infarction 26 (9.0%) 10 (9.8%) 2(5.1%) 3(10.7%) 1(3.8%)
Congestive Heart Failure 8(2.8%) 2 (2.0%) 0 (0.0%) (4.9%) 0 (0.0%)
Stroke 13 (4.5%) 6(5.9%) 2(5.1%) 4(3.3%) 1(3.8%)
Palpitations 44 (15.2%) 20 (19.6%) 8 (20.5%) 4 (11.5%) 2(7.7%)

Note: BMI = Body mass index; MMSE = Mini-Mental State Examination; SPPB = short physical performance battery.
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Table 2. Self-reported Adherence to the Interventions at 12 mo of Follow-up, Regardless of Stratum

Losartan Placebo losartan Fish oil Placebo fish oil
N=57 N=42 N =138 N =288

Excellent/very good/good 34 (60%) 19 (50%) 115 (85%) 68 (77%)

N (%)

Fair/poor/very poor 2 (4%) 1(3%) 5 (4%) 3(3%)

N (%)

Discontinued 21 (37%) 18 (47%) 16 (12%) 17 (19%)

N (%)

Table 3. Retention of the Study Participants for IL-:6 and 400 m Walk Assessments, and Effect of Losartan, Fish Oil, and Combination of
Losartan + Fish Qil on IL-:6 and 400 m Walk Speed

Losartan Fish Oil
Active N =65  Placebo N=44  Effect + SE Active N = 148 Placebo N =98  Effect (SE),
Month N (%) N (%) (95% CI); p-value N (%) N (%) 95% CI: p-value
Natural log of il6 3 58 (89.2%) 40 (90.9%) -0.152 = 0.096 137 (92.6%) 92 (93.9%) 0.098 = 0.063
(=0.342, 0.038); (-0.026, 0.222);
p=.12 p=.12
6 57 (87.7%) 37 (84.1%) -0.201 = 0.116 134 (90.5%) 87 (88.8%) 0.019 = 0.075
(-0.429, 0.026); (=0.130, 0.167);
p=.08 p=.80
9 52 (80.0%) 34 (77.3%) 0.047 = 0.114 130 (87.8%) 78 (79.6%) 0.044 = 0.074
(-0.178,0.271); (=0.102, 0.190);
p=.68 p=.55
12 54 (83.1%) 37 (84.1%) -0.065 = 0.116 129 (87.2%) 80 (81.6%) -0.020 = 0.077
(-0.293,0.163); (-0.171, 0.132);
p=.58 p=.80
Average -0.093 = 0.081 0.035 = 0.053
(=0.253,0.067); (=0.069, 0.140);
p=.26 p=.51
400 m walking 3 54 (83.1%) 37 (84.1%) 0.016 = 0.020 131 (88.5%) 86 (87.8%) 0.005 = 0.013
speed (-0.023, 0.055); (-0.021, 0.030);
p=43 p=.72
6 51(78.5%) 33 (75.0%) 0.009 = 0.021 122 (82.4%) 79 (80.6%) 0.019 = 0.014
(-0.033,0.051); (=0.008, 0.047);
p=.68 p=.17
9 48 (73.8%) 30 (68.2%) -0.030 = 0.026 115 (77.7%) 72 (73.5%) 0.013 = 0.017
(~0.082, 0.022); (=0.021, 0.047);
p=.26 p=.45
12 44 (67.7%) 34 (77.3%) -0.025 = 0.026 113 (76.4%) 67 (68.4%) 0.010 = 0.017
(~=0.076, 0.026); (~0.025, 0.044);
p= .34 p= .58
Average -0.007 = 0.020 0.012 = 0.013
(~0.048, 0.033); (~0.015, 0.038);
p= 71 p= .39

In this study, Losartan or fish oil did not demonstrate any signifi-
cant effects on our primary outcomes of IL-6 or walking speed over
400 m.

These findings were unexpected as preliminary review of the
literature and our recent systematic review and meta-analysis (13)
suggested that both losartan and fish oil may reduce chronic low-
grade inflammation and potentially improve or avert decline in
walking speed.

ARBs are primarily indicated for the treatment of hypertension
heart failure with reduced ejection fraction. Losartan is also a par-
tial PPAR-y agonist (14), yielding anti-inflammatory effects (15).
Losartan has been shown to reduce IL-6 in another human study at

similar doses as those used in ENRGISE pilot (16), and in an animal
study (17), possibly through PPAR-y/AMPK pathways, blocking
proinflammatory angiotensin II AT1 signaling, or both (15,18).
ARBs have also shown to mitigate lipopolysaccharide-mediated
inflammation, and inhibit TNF-o-mediated endothelial Receptor
for Advanced Glycosylation Endproduct (RAGE) expression (19).
Losartan has been shown to improve skeletal muscle related activity
measures in older mice (17,20).

Fish oil and ®-3 fatty acids are indicated to reduce triglyceride
levels in adults with severe hypertriglyceridemia. Fish oil and -3
fatty acids are also potentially anti-inflammatory (21) via a specific
-3 fatty acid receptor, GP120 (22) which blocks NF-KB and JNK
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Figure 2. Change in IL-6 pg/mL over time. (A) Losartan (solid line) vs no
losartan (dotted line). (B) Fish oil (solid line) vs no fish oil (dotted line). (C)
Losartan + fish oil (solid line) vs placebo (dotted line).

signaling, counter to saturated fatty acid-mediated proinflammatory
TLR2 signaling (23). Saturated fats are generally proinflammatory
(24), and can cause a decline in muscle protein synthesis via ER
stress (25). o-3 supplementation has shown to downregulate inflam-
mation (26) in part through decreased TNF-o expression and -3
fatty acids are likely to improve mTOR signaling, thereby stimu-
lating muscle protein synthesis in humans (27). A meta-analysis of
several randomized clinical trials has shown that ®-3 reduces both
IL-6 and C-reactive protein in chronic nonautoimmune disease (28).

In summary, inflammation plays a major role in the loss of phys-
ical function through a wide variety of mechanisms, many of which
offer interventional targets. Losartan (14,18,29) and w-3 (30,31), in
addition to potentially averting inflammation, may also affect vas-
culature, coagulation, metabolism, and skeletal muscle, all of which
may benefit mobility.

The lack of effect of losartan and fish oil on IL-6 and walking
speed we found in ENRGISE may be due to several factors pos-
sibly related to the characteristics of population recruited into
this study including older persons with multiple morbidities and
frailty. Insufficient dosage, the high rate of study drug withdraw-
als in the losartan group, and the high prevalence of overweight
or obesity may also have played a role. However, regarding the
latter point, in stratified analyses according to low/normal and
high BMI the results were unchanged (data not shown). The very
strict safety monitoring criteria we have applied to the losartan
interventions may have prevented the increase in losartan dos-
age and caused a large number of withdrawals from the losartan
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Figure 3. Change in 400 m walk speed m/s over time. (A) Losartan (solid line)
vs no losartan (dotted line). (B) Fish oil (solid line) vs no fish oil (dotted line).
(C) Losartan + fish oil (solid line) vs placebo (dotted line).

group. To support this hypothesis, in the losartan group, both
active losartan and placebo arms had similar rates of withdraw-
als, suggesting that the withdrawals from the losartan group were
due to the very strict safety criteria and to factors related to the
participants, not to losartan safety (Table 2). In addition, in the
fish oil only group, participants may have been on an ACE inhibi-
tors or ARB already for health reasons, and despite the chronic
ACE/ARB use, still had low-grade inflammation. That may have
indicated that they were likely to be resistant to the relatively
weaker anti-inflammatory effects of the fish oil. Publication bias,
may have also played a role in the favorable findings of the meta-
analyses (13,28).

The ENRGISE pilot study has several strengths including the
double blinded randomized clinical trial design, the intention to treat
analyses, recruitment of high risk subjects who are often excluded
from clinical trials, use of walking speed to efficiently screen subjects
in the field, and excellent retention. The study has also a number
of limitations, including failure to meet losartan enrollment goals
due to high prevalence of use of angiotensin receptor blockers in the
community and low adherence to losartan and placebo, and poten-
tially limited 1 year duration of the trial.

In conclusion, neither losartan nor fish oil modified IL-6 or
walking speed in older adults with low-grade chronic inflammation
and mobility limitations. These results do not support use of these
interventions to prevent mobility loss or reduce levels of inflam-
mation in older adults at risk of disability with low-grade chronic
inflammation.
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Table 4. SAE and AE After 12 mo of Follow-up

Overall Placebo Losartan Fish Oil Combination
(N = 289) (N =102) (N =39) (N = 122) (N =26)

MedDRA Category

(Or Predefined) Events People (%) Events People (%) Events People (%) Events People (%) Events People (%)
SAE  Cardiac disorders 15 14 (4.8%) 9 8 (7.8%) 1 1(2.6%) N 5(41%) 0 0(0.0%)

Gastrointestinal disorders N 4 (1.4%) 0 0(0.0%) 0 0(0.0%) N 4(3.3%) 0 0(0.0%)

General disorders and 4 4 (1.4%) 3 3(2.9%) 0 0 (0.0%) 1 1(0.8%) 0 0(0.0%)

administration site

conditions

Hepatobiliary disorders 2 1(0.3%) 2 1(1.0%) 0 0(0.0%) 0 0(0.0%) 0 0(0.0%)

Infections and infestations 8 8 (2.8%) 2 2(2.0%) 0 0 (0.0%) 4 4(3.3%) 2 2(7.7%)

Injury, poisoning and 9 9 (3.1%) 2 2 (2.0%) 1 1(2.6%) 4 4(3.3%) 2 2(7.7%)

procedural complications

Metabolism and nutrition 2 2(0.7%) 1 1(1.0%) 0 0(0.0%) 1 1(0.8%) O 0(0.0%)

disorders

Musculoskeletal and 11 9 (3.1%) 1 1(1.0%) 1 1(2.6%) 9 7(5.7%) 0 0 (0.0%)

connective tissue disorders

Neoplasms benign, 3 3(1.0%) 1 1(1.0%) 0 0(0.0%) 1 1(0.8%) 1 1(3.8%)

malignant and unspecified

(including cysts and

polyps)

Nervous system disorders 12 11 (3.8%) 5 5 (4.9%) 3 2 (5.1%) 3 3(2.5%) 1 1(3.8%)

Renal and urinary 8 5(1.7%) 4 3(29%) 0 0(0.0%) 3 1(0.8%) 1 1(3.8%)

disorders

Respiratory, thoracic and 2 2 (0.7%) 2 2(2.0%) 0 0 (0.0%) 0 0 (0.0%) 0 0 (0.0%)

mediastinal disorders

Skin and subcutaneous 2 2(0.7%) 0 0 (0.0%) 0 0 (0.0%) 2 2 (1.6%) 0 0 (0.0%)

tissue disorders

Spinal stenosis-lumbar 1 1(0.3%) 0 0(0.0%) 0 0(0.0%) 1 1(0.8%) O 0(0.0%)

Surgical and medical 7 7 (2.4%) 4 4 (3.9%) 0 0 (0.0%) 1 1(0.8%) 2 2(7.7%)

procedures

Vascular disorders 4 4(1.4%) 0 0 (0.0%) 0 0(0.0%) 3 3(2.5%) 1 1(3.8%)
AE  Cardiac disorders 11 9(3.1%) 4 3(2.9%) 3 2(5.1%) 4 4 (3.3%) 0 0 (0.0%)

Dizziness/presyncope 20 18 (6.2%) 2 2 (2.0%) 11 9(23.1%) 3 3(2.5%) 4 4(15.4%)

Eye disorders 13 12 (42%) 4 4(3.9%) 1 12.6%) 6 5(41%) 2 2(7.7%)

Fall (mechanical) 22 19 (6.6%) 9 9 (8.8%) 1 1(2.6%) 9 8 (6.6%) 3 1(3.8%)

Gastrointestinal disorders 10 9(3.1%) 3 3(2.9%) 2 2 (5.1%) 5 4(33%) O 0(0.0%)

General disorders and 21 19 (6.6%) 8 8(7.8%) 7 5(12.8%) 3 3(2.5%) 3 3(11.5%)

administration site

conditions

GI upset 17 17 (5.9%) 7 7(6.9%) 0 0(0.0%) 7 7(5.7%) 3 3(11.5%)

Infections and infestations 69 54 (18.7%) 26 19 (18.6%) 11 9(23.1%) 29 24 (19.7%) 3 2(7.7%)

Injury, poisoning, and 38 33 (11.4%) 12 10 (9.8%) 6 5(12.8%) 17 15 (12.3%) 3 3(11.5%)

procedural complications

Investigations 25 17 (5.9%) 9 7 (6.9%) 2 1(2.6%) 12 7(5.7%) 2 2 (7.7%)

Metabolism and nutrition 10 10 (3.5%) 4 4(3.9%) 2 2 (5.1%) 3 3(2.5%) 1 1(3.8%)

disorders

Musculoskeletal and 85 65 (22.5%) 21 16 (15.7%) 15 14 (35.9%) 41 30 (24.6%) 8 5(19.2%)

connective tissue disorders

Nervous system disorders 32 29 (10.0%) 13 10 (9.8%) 7 7(17.9%) 11 11(9.0%) 1 1(3.8%)

Renal and urinary 10 8 (2.8%) 7 5(4.9%) 2 2(5.1%) 1 1(0.8%) 0 0 (0.0%)

disorders

Respiratory, thoracic, and 18 16 (5.5%) 3 3(2.9%) 4 3(7.7%) 9 8(6.6%) 2 2(7.7%)

mediastinal disorders

Surgical and medical 44 33 (11.4%) 11 7 (6.9%) 9 7(17.9%) 18 14 (11.5%) 6 5(19.2%)

procedures

Vascular disorders 13 12 (4.2%) 4 4 (3.9%) 4 3(7.7%) 4 4 (3.3%) 1 1(3.8%)

Other 52 51(17.6%) 19 19 (18.6%) 10 10 (25.6%) 19 18 (14.8%) 4 4(15.4%)

Note: AE = Adverse events; GI = gastrointestinal; SAE = Serious adverse events.
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