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Haemodialysis patients display an increased cardiac mortality, which may be partly related to increased sympathoadrenal activity and insulin

resistance. Fish oil decreases adrenal activation induced by mental stress and has an insulin sensitizing effect in healthy subjects. Whole-body

glucose metabolism after oral glucose was studied in eight haemodialysis patients before and after a 3-week oral fish oil supplementation (i.e.

EPA þ DHA at 1·8 g/d). Plasma glucose fluxes were traced by using [6,6-2H2]glucose infusion. Substrate oxidation was determined by using indir-

ect calorimetry. Each patient was studied in the basal state and over the 6 h following absorption of a 1 g/kg glucose load. Energy expenditure in

response to glucose re-increased over the last 2 h of the experiment (P,0·05), which coincided with an increase in plasma catecholamines,

especially epinephrine (P,0·05), strongly suggesting a sympathoadrenal overactivity. Fish oil supplementation blunted both re-increase in ther-

mogenic response and concomitant increase in plasma epinephrine, but not in plasma norepinephrine, over the last 2 h of the experiment. Fish

oil did not alter either whole-body glucose metabolism or substrate oxidation. These data show that in haemodialysis patients, fish oil attenuates

adrenal overactivity induced by oral glucose but does not modulate whole-body glucose metabolism and insulin sensitivity.

n-3 Fatty acids: Stable isotopes: Energy metabolism: Nutrition: End-stage renal disease

A recent study showed that long-term haemodialysis (HD)
patients consumed fish far below current American Heart
Association recommendations1, which was associated with a
decreased plasma and erythrocyte membrane content in
long-chain n-3 PUFA. In addition, a multivariate analysis car-
ried out in 216 dialysis patients showed that patients who
reported fish intake had an approximately 50% lower risk of
death at 1 year2. Cardiac disease is the major cause of death
in dialysis patients; approximately 20% of cardiac deaths
are attributed to acute myocardial infarction3. Chronic renal
failure is characterized by a generalized vasculopathy4.
Increased sympathetic tone5–8 and insulin resistance9 are,
among a great variety, two risk factors that may contribute
to the accelerated cardiovascular morbidity in patients under-
going HD for end-stage renal disease.

Long-chain n-3 PUFA, given as an oral fish oil supplemen-
tation, prevent the increase in sympathetic activity elicited by
mental stress in healthy subjects10. Fish oil also reduces by
40% the insulinaemic response to oral glucose in healthy sub-
jects without altering plasma glucose utilization, strongly
suggesting an insulin-sensitizing effect11. Moreover, fish oil

supplementation partially prevents dexamethasone-induced
insulin resistance in healthy subjects12. Taken together, these
data suggest that long-chain n-3 PUFA could be useful
in HD patients with increased sympathetic tone and insulin
resistance.

The study of metabolic response to an oral glucose load
before and after fish oil supplementation allows quantifi-
cation of effects of long-chain n-3 PUFA on both sympath-
etic activity and whole-body glucose metabolism. Indeed,
thermogenic response, i.e. increase in energy expenditure
(EE), following glucose absorption includes a facultative
component due to sympathoadrenal activation13,14. More-
over, insulin sensitivity can be assessed from concomitant
determinations of plasma glucose and insulin concentrations
following oral glucose15 and from determination of plasma
glucose utilization by using stable isotope labelling of
plasma glucose11.

The present work aimed to study whether or not a 3-week
dietary fish oil supplementation (EPA þ DHA at 1·8 g/d)
modulates sympathoadrenal activity and/or whole-body glu-
cose metabolism during an oral glucose load in HD patients.
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Abbreviations: CAPD, continuous ambulatory peritoneal dialysis; EE, energy expenditure; HD, haemodialysis; RaT, total rate of plasma glucose appearance; RdT,

total rate of plasma glucose disappearance.
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Subjects and methods

Subjects

Eight patients (six men, two women, 62 (SEM 7) years, 68·5
(SEM 3·7) kg, BMI 24·7 (SEM 1·8) kg/m2) undergoing HD
for at least 6 months for end-stage renal disease were included.
Aetiologies of end-stage renal disease were: polycystic disease
of kidney (two), nephroangiosclerosis (one), tuberculosis
(one), chronic interstitial nephropathy (one), chronic glomeru-
lonephritis (one), post-traumatic nephropathy on unique
kidney (one) and one of unknown cause. Mean duration of
HD at day of inclusion in the study was: 7·5 (SEM 3) years
(n 8). No patient had personal or familial history of diabetes
and/or obesity. None was taking any drug that could alter glu-
cose metabolism or sympathetic activity.
Each subject had given written consent. The protocol was

submitted and accepted by Ethical Committee of Brest.

Protocol

Patients were studied twice before and after a 3-week dietary
supplementation with 6 g/d of a fish oil containing 18% EPA
and 12% DHA (Maxepaw; Pierre Fabre, Castres, France), i.e.
an intake of 1·8 g/d of EPA þ DHA. Fish oil was given as two
caps three times per d. Its composition is reported in Table 1.
All tests were started at 07·00 hours after patients had

experienced a 12 h overnight fast. The patients were weighted,
voided if non-anuric, and were placed at rest in a bed and
maintained in the supine position all over the experiment.
An intravenous catheter was inserted into a superficial wrist
vein for blood sampling. Another catheter was placed into
a deep controlateral forearm vein for tracer infusion.
A primed-constant infusion of D-[6,6-2H2]glucose was started
150min before the oral load and maintained for 510min. The
rate of tracer infusion was 70mg/kg per min. All patients
absorbed over 5min 1 g glucose/kg diluted into 300ml water

(time 0min). Blood samples were sequentially obtained for
determination of plasma glucose, insulin, metabolite concen-
trations and isotopic enrichment in 2H of plasma glucose in
the basal state and following glucose absorption. Plasma cat-
echolamines were determined at times 180, 210, 240, 300
and 360min.

Indirect calorimetry was performed using a canopy (Delta-
trac Metabolic Monitor II; Datex Omheda, Helsinki, Finland).
The patients wore the canopy during 1 h prior to the oral load,
during the 3 h following the load and during 30min for each of
the remaining 3 h. Urine was collected at the end of the exper-
iment only in non-anuric patients.

Sampling procedures and analytical methods

Blood samples were immediately spun at 48C. Plasma was ali-
quoted and frozen at 2808C until time of assay. Urine
samples were collected and frozen at 2208C for further deter-
mination of urinary urea. Plasma samples (1ml) were
extracted with 12ml CHCl3–MeOH (2:1, v/v) according to
the method described by Folch et al.16. The final lipid extract
was stored at 2208C after addition of 0·01% butylated hydro-
xytoluene (antioxidant). Neutral lipids were separated
from lipid extract on a silicagel microcolumn (Kieselgel 60;
70–230 mesh; Merck; 10ml CHCl3–MeOH (98:2, v/v))
according to Marty et al.17. TAG and NEFA were isolated
by HPLC from the neutral lipid fraction as previously
described by Soudant et al.18 on a diol column (OH-bound
silica gel column, Lichrosorb Diol 5mm, 250 £ 4mm i.d.;
Merck) using a binary mobile phase (mixtures of hexane
and isopropanol). TAG and NEFA fractions were analysed
for fatty acid composition using GC, after transesterification
with MeOH–BF3 as previously described17. Fatty acid com-
position of fish oil was also analysed by the same method17.

Plasma glucose concentrations were measured using a YSI
2300 STAT Plus Glucose & Lactate Analyzer (Ysi Life
Sciences, Yellow Springs, USA). Plasma NEFA were deter-
mined by an enzymatic colorimetric method using a commer-
cial kit (NEFA C; Wako Chemicals, Neuss, Germany). Plasma
immunoreactive insulin concentrations were measured by RIA
(INSIK5; CIS Bio International, Gif/Yvette, France). Plasma
catecholamines were determined by HPLC.

The enrichments in 2H were determined on the pentacetate
derivative of glucose as previously described11.

Calculations

Protein oxidation was estimated from urinary urea excretion
corrected for variation of body urea pool19. In anuric patients,
protein oxidation was estimated from variation of body urea
pool as previously described20.

Net carbohydrate and lipid oxidations were calculated by
using the equations of Livesey & Elia21. Non-oxidative glu-
cose disposal, i.e. mainly glycogen storage, was calculated
as the difference between the amount of glucose absorbed
and carbohydrate oxidation cumulated over the 6 h following
glucose absorption.

Total rate of plasma glucose appearance (RaT) and disap-
pearance (RdT) following glucose absorption were calculated
from the isotopic enrichment in 2H of plasma glucose, by
using Steele’s equation22 as modified by De Bodo et al.23.

Table 1. Composition of Maxepaw*

Fatty acids %

16 : 0 21·97
18 : 0 3·15
16 : 1n-7 13·30
18 : 1n-9 10·55
18 : 1n-7 3·97
18 : 2n-6 1·90
18 : 2n-4 0·41
18 : 3n-3 1·26
20 : 1n-9 2·01
20 : 1n-7 0·18
20 : 2n-6 0·14
20 : 3n-6 0·11
20 : 4n-6 1·14
20 : 4n-3 1·08
20 : 5n-3 21·53
22 : 1n-11 0·00
22 : 4n-6 0·00
22 : 5n-6 0·30
22 : 5n-3 1·98
22 : 6n-3 10·69
Others 4·30
a-Tocopherol acetate (mg/g oil) 1·75

* Pierre Fabre, Castres, France
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Statistical methods

All results are expressed as means and their standard errors.
The comparison between the periods with and without fish
oil was made by a two-factor ANOVA with repeated measures
and a two-tailed paired Student’s t test where appropriate.
Differences were regarded as significant when P,0·05.

Results

Fatty acid content of plasma TAG

EPA and DHA content of plasma NEFA and TAG increased
significantly after fish oil supplementation (Fig. 1), demon-
strating a good compliance of patients for fish oil intake.

Thermogenic response to glucose and plasma catecholamines

Resting EEwas not different before and after fish oil supplemen-
tation (0·0946 (SEM 0·0029) v. 0·0995 (SEM 0·0598) kJ/kg

fat-free mass per min, respectively (0·0226 (SEM 0·0007) v.
0·0238 (SEM 0·0143) kcal/kg fat-free mass per min, respect-
ively)). Before fish oil supplementation, EE increased

Fig. 2. Thermogenic response (a), and plasma epinephrine (b) and norepi-

nephrine (c) concentrations following a 1 g/kg glucose load in haemodialysis

patients before (W) and after (†) an oral 3-week fish oil supplementation.

Values are means with their standard errors depicted by vertical bars.

(a), Mean values were significantly different from those at time 240 min:

*P,0·05. (b, c) Mean values were significantly different from those at time

210 min: *P,0·05. EE, energy expenditure.

Fig. 1. Content in EPA (20 : 5n-3) and DHA (22 : 6n-3) of plasma TAG (a) and

NEFA (b) in haemodialysis patients before (A) and after (B) an oral 3-week

fish oil supplementation. Values are means with their standard errors

depicted by vertical bars. Mean values were significantly different from those

before supplementation: *P,0·05, **P,0·01.
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after glucose oral absorption from time 0 to time 60min
(P,0·05), decreased from time 60min until time 240min,
then re-increased abruptly from time 240 to time 360min
(P,0·05) (Fig. 2). Plasma catecholamines increased concomi-
tantly to the re-increase in EE (Fig. 2). Five patients displayed
symptoms evocative of sympathetic overactivity, i.e. tremulous-
ness, palpitations, anxiety and sweating.
After fish oil, contrarily to what was observed before fish

oil, no re-increase in EE was observed from time 240 to
time 360min (Fig. 2). Contrarily to what was observed
before fish oil, plasma epinephrine did not increase from
180 to 240min after fish oil (Fig. 2). Plasma norepinephrine
after fish oil remained similar to before fish oil supplemen-
tation (Fig. 2). Symptoms of sympathetic overactivity
remained unchanged in the same five patients after fish oil
supplementation.

Substrate oxidation

Basal carbohydrate oxidation was similar before and after fish
oil (1·68 (SEM 0·27) v. 1·66 (SEM 0·19) mg/kg per min, respect-
ively). Basal lipid oxidation was also similar before and after
fish oil (0·99 (SEM 0·10) v. 1·19 (SEM 0·10) mg/kg per min,
respectively). Cumulated carbohydrate and lipid oxidation
and non-oxidative glucose disposal were similar before and
after fish oil supplementation (Table 2).

Metabolites and insulin

Basal concentrations of plasma glucose, NEFA and insulin
are reported in Table 3. Kinetics of glycaemia, insulin and
NEFA were similar before and after fish oil supplementation
(Fig. 3).

Plasma glucose fluxes

Basal RaT was not different before and after fish oil sup-
plementation (2·14 (SEM) 0·13 v. 2·04 (SEM 0·07) mg/kg per
min, respectively). Cumulated RaT and RdT were not differ-
ent before and after fish oil (Table 2).

Discussion

The main result of the present study is the marked attenuation
by fish oil of the adrenergic overactivity induced by oral glu-
cose in the HD patients. The kinetics of thermogenic response

to oral glucose before fish oil supplementation was character-
ized by a re-increase in EE during the last 2 h of the study.
This re-increase in EE coincided with both an increase in
plasma catecholamines, mainly epinephrine, and symptoms
(in five of the eight patients) evocative of sympathetic overac-
tivity, i.e. tremulousness, palpitations, anxiety and sweating,
looking like neurogenic symptoms of hypoglycaemia24.
Taken together, these present observations strongly suggest a
sympathoadrenal activation in the patients in response to
oral glucose. This sympathoadrenal activation was likely trig-
gered by the abrupt decrease in glycaemia from time 120 to
time 240min. The fact that the hypoglycaemia threshold
was far from being reached strongly reinforces the hypothesis
of a sympathoadrenal overactivity in HD patients as pre-
viously shown by others5–8. These neurogenic symptoms are
very unusual during an oral glucose load; they are typically
observed only in non-diabetic subjects with reactive
hypoglycaemia.

Following fish oil, the re-increase in EE over the last 2 h of
the experiment was completely blunted, in parallel to the
blunting of the increase in plasma epinephrine concentrations.
As the increase in plasma norepinephrine concentrations
remained unaffected by fish oil, the re-increase in EE was
very likely specifically linked to adrenergic activation in HD
patients. It has been shown in healthy subjects that the facul-
tative thermogenic response to glucose was due to adrenergic
activation25. The blunting of adrenergic response by fish oil
has been previously reported in healthy subjects during
mental stress10. Whether fish oil blunted the re-increase in
EE, it did not prevent the neurogenic symptoms of sympath-
etic activation. As neurogenic symptoms associated to hypo-
glycaemia are mainly related to sympathetic activation
rather than adrenal activation26, on the one hand, and as circu-
lating norepinephrine is derived largely (9–98%) from sym-
pathetic postganglionic neurons27,28, on the other hand, it
can be concluded that in the HD patients fish oil attenuated
specifically adrenergic overactivity.

Fish oil altered neither glycaemic and insulin responses to
oral glucose nor plasma glucose utilization, carbohydrate oxi-
dation and non-oxidative glucose disposal. This contrasts with
what has been reported in healthy subjects. Indeed, fish oil
decreased by 40% the insulinaemic response to oral glucose11

and partially prevented the excessive increase in insulinaemia
induced by a 2 d dexamethasone treatment12. It can be hypoth-
esized that fish oil was ineffective in decreasing insulinaemic
response to oral glucose in the HD patients because of a

Table 2. Cumulated substrate oxidation, non-oxidative glucose disposal (NOGD) and plasma glucose fluxes

(Mean values with their standard errors)

HD patients pre-fish oil HD patients post-fish oil

Mean SEM Mean SEM Statistics

Carbohydrate oxidation (g/6 h) 52·8 3·3 52·8 5·2 NS
NOGD (g/6 h) 15·1 3·5 15·0 3·8 NS
Lipid oxidation (g/6 h) 20·2 1·9 19·8 1·3 NS
RaT (g/6 h)* 81·6 5·2 80·1 4·1 NS
RdT (g/6 h)* 82·9 5·1 81·5 4·3 NS

HD, haemodialysis; RaT, total rate of plasma glucose appearance; RdT, total rate of plasma glucose disappearance.
* To obtain in mol/6 h, divide by 180.
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pre-existing insulin resistance. Indeed, it has been repeatedly
shown that fish oil supplementation was unable to reverse
insulin resistance in patients with type 2 diabetes (reviews
in Delarue et al.29 and Lombardo & Chicco30). As HD patients
generally display insulin resistance9, the lack of effect of fish
oil could be interpreted as its inability to reverse insulin resist-
ance once installed. Data in rodents also sustain the inability
of fish oil to reverse insulin resistance whereas it is able
to prevent its installation (reviews in Delarue et al.29 and
Lombardo & Chicco30).

The lack of randomization of fish oil intake in the present
study is unlikely to explain its effect on the post-glucose kin-
etics of EE and plasma epinephrine. A cross-over study
would have been an ideal design, but EPA and DHA incorpor-
ation into membranes has been reported to be as long as 18
weeks31 so that the two experiments would have to be per-
formed at least 18 weeks apart. During such a long period
other confounding factors could appear, especially in HD
patients. Patients had very similar glycaemia, insulinaemia,
substrate oxidation and plasma glucose fluxes in the basal
state and after glucose without and with fish oil supplemen-
tation. In addition, re-increase in EE during the last part of
the oral load appears to be specific to our HD patients inasmuch
as it has never been reported before, especially in healthy sub-
jects and in patients undergoing continuous ambulatory perito-
neal dialysis (CAPD) that we previously studied using the same
methodology11,12,20,32. Thus, we are very confident that attenu-
ation by fish oil of adrenergic overactivation was not due to the
lack of randomization of its administration. It is to be noted that
in contrast to haemodialysed patients from the present study
and others, sympathetic activity has been reported to be
impaired in patients undergoing CAPD33. This could explain
why we did not observe any neurogenic symptom previously
in CAPD patients absorbing an oral glucose load20,32. The
mechanisms sustaining a decreased sympathetic activity on
CAPD remain unclear. It could be possible that chronic perito-
neal glucose administration (glucose being used as an osmotic
agent) could have deleterious effects comparable to that
observed in patients with diabetes.

Sympathetic overactivity has been repeatedly observed in
patients with end-stage renal disease undergoing HD. An
increased adrenergic response in everyday life induces at
least chronic vasoconstriction leading to hypertension and to
endothelial dysfunction leading itself to atherosclerosis. In
addition, insulin resistance is a common metabolic disorder
in patients with end-stage renal disease, leading to increased
cardiovascular risk, predisposing to metabolic syndrome and

type 2 diabetes and stimulating Naþ renal reabsorption favour-
ing hypertension. Fish oil has many beneficial effects:
reduction of cardiovascular risk, reduction of adrenergic over-
activity induced by mental stress and prevention of insulin
resistance. For all those reasons, fish oil supplementation
could be very useful in HD patients. We did not observe

Table 3. Basal concentrations of plasma metabolites and insulin

(Mean values with their standard errors)

HD patients
without fish oil

HD patients
with fish oil

Mean SEM Mean SEM

Glycaemia (mm)* 4·8 0·1 4·7 0·2
Insulinaemia (pm)† 32 4 35 4
NEFA (mm) 378 54 410 92

HD, haemodialysis patients.
* To obtain in g/l divide by 5·55.
† To obtain in mU/ml, divide by 6.

Fig. 3. Plasma glucose (a), insulin (b) and NEFA (c) concentrations in

response to a 1 g/kg glucose load in haemodialysis patients before (†) and

after (W) an oral 3-week fish oil supplementation. Values are means with

their standard errors depicted by vertical bars.

Fish oil in haemodialysis patients 1045
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any effect on insulin sensitivity and others did not observe any
effect on heart rate variability34, suggesting that fish oil is not
able to correct all metabolic alterations in HD patients, but the
decreased sympathetic overactivity is of potential major inter-
est to reduce vasoconstriction, risk of hypertension and endo-
thelial dysfunction and in longer term to reduce cardiovascular
risk. Of course, further studies are needed to confirm in HD
patients these possible beneficial long-term effects.
In conclusion, a fish oil supplementation containing EPA þ

DHA at 1·8 g/d over 3 weeks attenuates adrenergic overactiv-
ity in response to oral glucose in HD patients without altering
whole-body glucose metabolism and insulin sensitivity.
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