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ABSTRACT
Background: Elevated serum triglyceride and low HDL-cholesterol
concentrations have been reported in persons with HIV.
Objective: The effect of a dietary intervention plus n23 (x23)
fatty acid supplementation on serum triglycerides and markers of
insulin sensitivity was investigated.
Design: Fifty-four persons with HIV and elevated serum triglycer-
ides (.150 mg/dL) and/or abnormal Quantitative Insulin Sensitivity
Check Index values (,0.35 but .0.30) were recruited for a dietary
intervention in which total fat, type of fat, fiber, and glycemic load
were controlled along with supplementation with n23 fatty acids to
achieve an intake of 6 g/d. The subjects were randomly assigned to
an intervention or control group, and serum lipids, markers of in-
sulin sensitivity, and serum phospholipid fatty acids were measured
in both groups at baseline, 3 wk, and 13 wk.
Results: Triglycerides in the intervention group decreased from
a median of 180 mg/dL (interquartile range: 141, 396) to 114 mg/
dL (interquartile range: 84, 169) from baseline to 3 wk, whereas
they remained stable in the control group (P = 0.003). Serum phos-
pholipid fatty acids indicated a decrease in de novo lipogenesis and
a decrease in arachidonic acid (% nmol; P � 0.001) in the inter-
vention group. At 3 wk, the insulin area under the curve decreased
but not significantly.
Conclusions: Diet and n23 fatty acid supplementation dramatically
reduced serum triglycerides, decreased arachidonic acid in the phos-
pholipids fraction, and appeared to decrease the de novo lipogenesis
associated with the metabolic syndrome in the intervention
group. Am J Clin Nutr 2009;90:1566–78.

INTRODUCTION

Alterations in lipid metabolism with elevations in serum tri-
glycerides and low concentrations of HDL cholesterol have been
reported in persons with HIV infection before (1) and after (2–4)
the advent of highly active antiretroviral therapy (HAART). The
contribution of the long-term effects of HIV infection and the
effect of HAART on these changes in lipid metabolism are still
unclear.

n23 Fatty acids have been shown to increase fatty acid oxi-
dation in the liver and to decrease the hepatic output of trigly-
cerides (5, 6) in animal studies. In a review by Harris (7) of 36
well-controlled crossover studies in humans with elevated serum
triglycerides, but without HIV infection, supplementation with
n23 fatty acids at 1.5–7.0 g/d resulted in an average decrease in
serum triglycerides of 25–30%. Four studies have reported that

supplementation with n23 fatty acids can also be effective
in lowering serum triglycerides in subjects with HIV infection
(8–11).

The possible role of the n23 fatty acids in insulin resistance
was recently reviewed (12, 13). Elevated serum triglycerides and
free fatty acids have been shown to be involved in the de-
velopment of insulin resistance (14–16) and of abnormalities in
insulin secretion (17). Diets high in saturated fat are known to
increase the development of insulin resistance and the metabolic
syndrome (18–20). Saturated fatty acids have been implicated in
the destruction of b-cells in the pancreas, which results in loss of
an adequate insulin response to the usual stimuli of insulin se-
cretion (17). In contrast, increased dietary polyunsaturated fat
intakes have been shown to be associated with greater insulin
sensitivity (21–23), with n23 fatty acids having the greatest
effect (24–26). Foods high in fiber (27, 28) or with a lower
glycemic index or glycemic load (28–30) can also improve
metabolic variables associated with diabetes.

Drug treatment of elevated triglycerides may lead to further
risk of drug-drug interactions, so there is a need for non-
pharmacologic interventions to treat these abnormalities in the
HIV-infected population. Therefore, we performed a randomized
trial of a dietary intervention designed to reduce serum lipids and
increase insulin sensitivity. The dietary intervention consisted of
reduced total fat, reduced saturated fat, increased fiber, lowered
glycemic load, and an increased intake of foods containing high
amounts of n23 fatty acid and n23 fatty acid supplementation
from fish oil. Serum phospholipid fatty acids were determined to
verify changes in the intervention group and to evaluate the role
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of change in specific fatty acids with biochemical measures of
serum lipids and insulin status.

SUBJECTS AND METHODS

Subjects

Fifty-four subjects with HIV infection were recruited between
July 2003 and March 2007. Eligibility criteria included HIV
infection, age.18 y, a body mass index (kg/m2) between 19 and
30, and a fasting plasma triglyceride concentration .150 mg/dL
or a Quantitative Insulin Sensitivity Check Index (QUICKI)
score of ,0.35 but .0.30 at any time over the past year (31).
QUICKI is a mathematical model used to estimate insulin sen-
sitivity by using the following equation:

QUICKI ¼ 1=ðlog10 of fasting plasma insulin; lU=mL;
þ log10 of fasting plasma glucose;mg=dLÞ ð1Þ

A lower QUICKI score indicates more insulin resistance (31).
The eligibility criteria for the study included elevated serum tri-
glycerides and/or an abnormal QUICKI score because of their
association with insulin resistance by using the classic oral glu-
cose tolerance test (31, 32). Subjects also had to be free of any
opportunistic infections, have no active injection drug use, and
not have taken any n23 fatty acid supplements for �3 mo
before the study started. Potential subjects were excluded if their
triglyceride concentration was .550 mg/dL, which could indi-
cate liver damage and interfere with the efficacy of the interven-
tion. Persons taking HMG-CoA reductase inhibitors (statins)
were also excluded. A medical history was taken, which also

included a list of current antiretroviral medications as well as
other medications and vitamin supplements. Potential subjects
were questioned regarding their weight stability and their will-
ingness to remain weight stable (63% change) over the 6 mo of
the study. Written informed consent was obtained from all study
participants, and the study protocol was approved by the Tufts–
Medical Center Institutional Review Board.

Recruitment

Subjects were recruited via the network of groups and sites that
we used and maintained during our large observational study in
the HIV population in the Boston area (33, 34). Fifty-four
subjects were recruited into the study.

Experimental design

The study was a randomized nutrition intervention trial, and the
study design is shown in Figure 1. Randomization was done by
block design to ensure equal numbers in each group for every 10
subjects recruited. Those randomly assigned to the intervention
came in each day to eat one meal at the Clinical Research Center
(CRC) and to have their 2 other meals and snacks packed to take
home for the first 3 wk of the study. These meals were formulated
for the daily intake to be lower in fat (’25% of energy from total
fat), be lower in saturated fat (’7% of energy), have a saturated:
monounsaturated:polyunsaturated fatty acid ratio of 1:1:1, provide
a dietary intake of n23 fatty acids of 3 g/d, provide a dietary fiber
level of �40 g/d, and to have a reduced glycemic load, achieved
by reducing the use of simple sugars and carbohydrate foods low
in fiber. The Harris-Benedict Equation with an activity factor was

FIGURE 1. Study design of randomized dietary intervention trial. TG, triglycerides; QUICKI, Quantitative Insulin Sensitivity Check Index.
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used to estimate the caloric requirements of each subject in de-
termining their individual caloric need to maintain their current
body weight. This calculation proved to be very reliable in ac-
complishing the goal of weight stability. In addition, the in-
tervention subjects took a supplement of n23 fatty acids that
totaled 3.0 g 20:5n23 [eicosapentaenoic acid (EPA)] + 22:6n23
[docosahexaenoic acid (DHA)] daily (Omega Rx; Sear Labora-
tories, Marblehead, MA). Each capsule contained 0.600 g n23
fatty acids as EPA (0.400 g) and DHA (0.200 g). Five capsules
were taken per day. The total intake of EPA + DHA during phase
1 was ’6.0 g/d, coming equally from diet and supplements.
Subjects in the intervention were also given a supplement of vi-
tamin E (100 mg/d; Perfect Source, Fullerton, CA) because of
their higher intake of polyunsaturated fatty acids (35, 36), which
are more prone to oxidation.

Food typically consumed by the intervention group included
a 6-oz (170.1-g) salmon fillet on 2 of the 3-d repeatingmenu. Lean
chicken or turkey was given on the third day. Other sources of
dietary n23 fatty acids came from intakes of walnut oil (1–2
Tbsp/d, or 14.79–29.58 mL) and, 2–4 Tbsp (15–30 g) walnuts,
depending on caloric needs. In addition, each day, subjects might
have consumed 2–4 slices of high-fiber bread (5 g fiber/slice), 1
cup brown rice (195 g), 1 cup barley (157 g), 1 cup all-bean salad
(185 g), and 2–4 Tbsp bean dip (28–56 g). The serving sizes of
vegetables (all high in fiber) were increased.

During the first 3 wk of the intervention, the subjects were
individually counseled on how to select foods to maintain the low
total and saturated fat, high-fiber, and low glycemic load profile
of the intervention diet given in phase 1. During the next 10 wk
(phase 2), those in the intervention group came into the CRC once
per week to receive a package of food for the week that contained
frozen salmon, canned sardines, high-fiber bread, high-fiber
cereal, walnuts, and a salad dressing made with walnut oil plus
a week’s supply of the n23 fatty acid supplement (3.0 g EPA +
DHA/d). At weekly visits, goals of the dietary intervention were
discussed, and all of the subjects’ questions were addressed. A
3-d food record was collected every week of this 10-wk period
of phase 2. The subjects randomly assigned to the control group
were seen at baseline, 3 wk, and 13 wk, and dietary data were
collected at that time.

Dietary analysis

Dietary intakewas obtained from all subjects at baseline, 3 wk,
and 13 wk by using a 3-d food record or a 24-h dietary recall, if
a 3-d food record was not available. To reflect the current food
marketplace throughout the study, the 3-d food record and 24-h
dietary recalls were analyzed by using the Nutrition Data System
for Research software versions 4.06 and 5.0, developed by the
Nutrition Coordinating Center, University of Minnesota, Min-
neapolis, MN. Final calculations were completed by using Nu-
trition Data System for Research version 2006. The Nutrition
Data System for Research time-related database updates analytic
data while maintaining nutrient profiles true to the version used
for data collection. The analysis includes food separately and
total intake of food and supplements.

Blood lipids, glucose, and insulin

All bloodwas drawn between 0700 and 1000 after a fast of�8 h
for serum lipids, glucose, insulin, and highly sensitive C-reactive

protein (CRP). Insulinwas assessed by using a radioimmunoassay
technique (ADVIA Centaur Immunoassay; Bayer Diagnostics,
Tarrytown, NY). QUICKI was determined by using measure-
ments from the fasting blood (31). The following determinations
were analyzed by using the Beckman LX-20 in the Tufts–Medical
Center Clinical Laboratory: glucose, total cholesterol, HDL
cholesterol, and triglycerides. LDL was calculated by using the
Friedewald equation (37). Highly-sensitive CRP was determined
by using a turbidimetric in vitro immunoassay (Equal Diag-
nostics, Exton, PA).

A frequently sampled oral glucose tolerance test was carried
out in all subjects at baseline and at 3 and 13 wk of the study.
The test was carried out between 0730 and 1000 after an 8-h
overnight fast. Blood samples were collected at 215, 0, 15, 30,
45, 60, 90, 120, 150, and 180 min after an oral glucose load of
75 g glucose, and the blood samples were analyzed for glucose
and insulin. The area under the curve (AUC) for glucose and
insulin was determined by using the method of Matthews et al
(38).

Blood samples for fatty acid measurements

Blood from the study subjects was collected after an 8-h fast in
tubes containing EDTA, and the serum was separated within 2 h
of collection. Butylated hydroxytoluene (BHT; 40 lL/mL) was
added to all samples as an antioxidant. An aliquot was covered
by nitrogen gas to protect against oxidation of fatty acids and
then stored at –80�C until analysis within 12 mo.

Fatty acid measurements

Briefly, an aliquot of 50 lL of a 1 mg/mL solution of di-
heptadecanoyl phosphatidylcholine (Avanti Polar Lipids Inc,
Alabaster, AL) and triheptadecanoyl glycerol (Sigma, St Louis,
MO) was added as an internal standard to 500 lL serum before
lipid extraction. A liquid-liquid extraction was carried out on
the serum with 6 volumes of chloroform-methanol (2:1, vol:
vol) centrifuged at 800 · g for 10 min, and the resulting lower
phase was aspirated. Lipid extracts from the serum samples
were fractionated into triglycerides and phospholipids by
aminopropyl column chromatography (39). The eluate was
evaporated to dryness under nitrogen gas and methylated by
adding 0.5 mL methanolic base (Acros Organics, Morris
Plains, NJ), and the sample was placed in a heating block at
100�C for 3 min. After the sample was cooled on ice, 0.5 mL
BF3 reagent (Sigma-Aldrich, St Louis, MO) was added, and
the sample was placed in a heating block at 100�C for 1 min,
removed, and allowed to cool on ice. N-Hexane was added
(0.5 mL) and incubated at 100�C for 1 min (40). After being
cooled, 6.5 mL of a sodium chloride–saturated salt solution
was added, and the reaction mixture was centrifuged at 800 · g
for 2 min. The upper hexane level was aspirated. Fatty acid
methyl esters were analyzed by gas chromatography with
a Hewlett-Packard 5890A gas chromatograph with the use of
Supelcowax-10 (0.25 mm internal diameter column; Supelco,
Bellefonte, PA). Fatty acid methyl ester peaks were identified
by comparison of retention times of standard mixtures against
internal standards. The fatty acids are reported as concen-
trations (nmol/dL) to show the absolute change, whereas the
major results of the levels of phospholipid fatty acids are
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standardized by expressing them as the mole percent of the
total fatty acid content in the sample (% nmol).

Statistical analysis

All analyses were conducted by using SAS version 9.1 (SAS
Institute, Cary, NC). Nonparametric statistics were generally
used, except when looking at the change in triglycerides, change
in insulin AUC, and change in the glucose AUC, which were
normally distributed. For comparisons of characteristics between
groups, the Wilcoxon’s rank-sum test was used for continuous
variables, and the chi-square test (or Fisher’s exact test where
there were small cells) was used for categorical variables. To
determine the significance of within-group changes between
visits, we used Wilcoxon’s signed-rank test. To compare changes
over time between the intervention and control groups, we used
the 2-sample t test to test the significance of the difference in
mean changes between groups. For triglycerides and insulin
AUC, the changes over time between the 2 study groups were
adjusted for baseline values by using PROC-REG in SAS.
Spearman’s correlations were used to examine the correlation
between changes in fatty acids over the 3- and 13-wk periods
and changes in the 3 major outcomes (triglycerides, insulin
AUC, and glucose AUC).

Because this was an intention-to-treat analysis, we analyzed
our results using a multiple imputations method for missing data
with SAS MI and MIANALYZE. Because the results with and

without the imputed data did not differ, we report final results
using data from the 47 subjects who completed the study.

RESULTS

Retention

Of the 54 subjects who were eligible for the study, who signed
consent forms and were randomly assigned in the study, 7
dropped out before the week 13 visit—all from the intervention
group. Five of these subjects dropped out before starting the
intervention diet. Of the remaining 2 drop-outs in the intervention
arm, one dropped out because of the difficulty of coming in each
day for meals, and 1 dropped out because of gas and discomfort
associated with the meals. The final group of 47 provided data at
baseline and at 3 and 13 wk of follow-up.

Demographics

The median age of the 54 subjects was 46.8 y [interquartile
range (IQR): 41.5, 51.3] and the body mass index was 25.4 (IQR:
23.5, 28.3), as shown in Table 1. Eighty percent of the subjects
were male, and 20% were female. The study group was 43%
African American, 50% white, and 7% other. The randomization
into the intervention and control groups was successful in
maintaining balance in age, body mass index, and sex. Eighty-
seven percent of the subjects were receiving HAART, and the
2 groups were well balanced concerning the medical status of

TABLE 1

Demographics of the study subjects1

Variable All (n = 54)

Intervention group

(n = 28)

Control group

(n = 26) P value2

Age (y) 46.8 (41.5, 51.3)3 45.3 (41.1, 52.2) 47.3 (42.4, 49.1) 0.94

BMI (kg/m2) 25.4 (23.5, 28.3) 25.0 (23.3, 28.6) 25.8 (24.4, 27.1) 0.80

Male [n (%)] 43 (80) 24 (86) 19 (73) 0.25

HIV status

CD4 count (cells/mm3)4 468 (357, 656) 512 (383, 687) 465 (348, 656) 0.35

Log10 viral load (copies/mL)5 2.3 (2.3, 2.8) 2.3 (2.3, 2.3) 2.3 (2.3, 3.4) 0.39

No HIV medication use [n (%)] 7 (13) 4 (14) 3 (12) 1.006

HAART without PI [n (%)] 13 (24) 6 (21) 7 (27) 0.64

HAART with PI [n (%)] 34 (63) 18 (64) 16 (62) 0.83

Ritonavir or kaletra [n (%)] 27 (50) 11 (39) 16 (62) 0.10

Metabolic syndrome [n (%)]

Has metabolic syndrome4 25 (47) 11 (41) 14 (54) 0.34

Fasting triglycerides .150 mg/dL [n (%)]2 35 (66) 17 (63) 18 (69) 0.63

Fasting glucose �100 mg/dL 20 (37) 12 (43) 8 (31) 0.36

Waist .102 cm (M), .88 cm (F) 8 (15) 2 (7) 6 (23) 0.146

HDL ,40 mg/dL (M), ,50 mg/dL (F)4 43 (81) 24 (89) 19 (73) 0.14

Systolic .130 mm Hg, diastolic .85 mm Hg 20 (37) 7 (25) 13 (50) 0.057

Has peripheral atrophy [n (%)] 12 (22) 5 (18) 7 (27) 0.42

Has central adiposity [n (%)] 4 (7) 1 (4) 3 (12) 0.346

QUICKI score 0.35 (0.32, 0.37) 0.34 (0.32, 0.37) 0.36 (0.32, 0.37) 0.63

Glucose .120 mg/dL at 2 h in OGTT [n (%)] 18 (33) 9 (32) 9 (35) 0.85

1 The study group was 43% African American, 50% white, and 7% other. Thirty-three percent of the study group was glucose intolerant, and 54% was

insulin resistant; these characteristics were not significantly different between the intervention and control groups. HAART, highly active antiretroviral

therapy; QUICKI, Quantitative Insulin Sensitivity Check Index; OGTT, oral-glucose-tolerance test; PI, protease inhibitor.
2 Determined with a chi-square test for discrete values, except where noted, and with Wilcoxon’s rank-sum test for continuous values.
3 Median; interquartile range in parentheses (all such values).
4 Data missing for 1 participant.
5 Data missing for 10 participants.
6 Fisher’s exact test.
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their HIV infection. More subjects in the control group were
taking ritonavir or kaletra, HIV medications known to increase
serum triglyceride concentrations, but this difference was not
significant (P = 0.10). Forty-seven percent of the study subjects
had the metabolic syndrome, defined as �3 of the 5 criteria (32);
66% had triglyceride concentrations .150 mg/dL at baseline,
37% had a fasting glucose concentration .100 mg/dL, and 33%
had glucose intolerance (glucose �120 mg/dL at hour 2 in the
frequently sampled oral-glucose-tolerance test). Fifty-four per-
cent had insulin resistance, defined as a QUICKI score ,0.35
(31). The randomization was successful in maintaining a bal-
ance between these indicators of the metabolic syndrome be-
tween the intervention and control groups. The control group
had a greater number of persons with elevated blood pressure,
but the difference between the 2 groups was not statistically
significant (P = 0.057). A greater number (P = 0.010, Fisher’s
exact test) of subjects dropped out of the intervention group
(n = 7) than out of the control group (n = 0). Comparison of the
7 subjects who dropped out with the 47 who completed the
13-wk study showed no statistical difference between those
who remained in the study and those who did not (data not
shown).

Dietary data

Dietary intakes, assessed at baseline, 3 wk, and 13 wk, are
shown in Table 2. At baseline, there were no significant dif-
ferences in the nutrition variables between the groups. The di-
etary intake in the intervention group at 3 wk represents the
prepared meals that were served to the individual subjects for
days 1–21 or 3 wk. The comparison between the intervention
and control dietary intakes indicated that the goals of the in-
tervention diet were achieved during the 3 wk of phase 1. There
was a statistically significantly lower intake of dietary choles-
terol (P = 0.002), total percentage fat (P = 0.003), and per-
centage saturated fat (P � 0.001) in the intervention group than
in the control group at 3 wk; the percentage of saturated:
monounsaturated:polyunsaturated fatty acid was significantly
different between groups (data not shown). The intervention
group had a statistically higher intake of n23 fatty acids (P �
0.001) and fiber (P � 0.001) and a significantly lower n26/n23
ratio of 2.2 at week 3 (P , 0.001) compared with the control
group. The intervention group had higher calorie and protein
intakes at 3 wk than did the control group (P = 0.032 and 0.001,
respectively). At 13 wk (phase 2), the dietary goals were par-
tially maintained in the intervention group. During phase 2, the
subjects were given selected foods and counseled on maintain-
ing the intervention diet, but were no longer taking their meals at
the CRC. Calorie and protein intakes were now not statistically
different between the 2 groups, but dietary cholesterol (P =
0.034) and saturated fat (P � 0.001) intakes were still statisti-
cally lower in the intervention group. Total n23 fatty acids,
EPA, and DHA intakes were still statistically higher in the in-
tervention group (all P , 0.001), and the n26/n23 ratio was
still statistically lower (P � 0.001). Whereas fiber intake drop-
ped in the intervention group from 60 g at week 3 to 37 g at
week 13, it was still statistically higher in the intervention group
than in the control group (37 g compared with 22 g; P = 0.002).
However, the total percentage of fat in the diet went from 28%
to 39% in the intervention group between week 3 and week 13

and was no longer significantly different from that of the control
group at week 13 (P = 0.75).

Outcome measures

The outcomes measures are presented in Table 3. The data are
presented as both changes from baseline within each group and
the comparison of changes over time between study groups. The
within-group differences clearly show a significant decrease in
serum triglycerides from a median of 180 mg/dL (IQR: 141,
396) at baseline to 114 (IQR: 84, 169) and 110 (IQR: 76, 220)
mg/dL, in the intervention group at 3 and 13 wks, respectively
(P � 0.001 and P = 0.005, respectively). The control group
showed no significant change in triglycerides from 175 mg/dL
(IQR: 135, 222) at baseline to 183 (IQR: 125, 300) and 205
(IQR: 146, 283) mg/dL at 3 and 13 wk (P = 0.74 and P = 0.50,
respectively). Comparison of the change in triglycerides con-
centrations between the 2 groups at 3 and 13 wk showed a sig-
nificant difference in the change from baseline between groups
at weeks 3 and 13 (P = 0.003 and 0.02, respectively).

There was a large difference in the insulin AUC between the
2 groups at baseline, although this difference was not statistically
significant (P = 0.13; data not shown). A decrease in insulin
AUC was seen in the intervention group from baseline to week 3
(during controlled feeding), but it was not statistically significant
(P = 0.066). At 13 wk the insulin AUC in the intervention group
appeared to rebound to exceed baseline levels, but was not
statistically significant from baseline (P = 0.076). With this re-
bound, the comparison between the intervention group and the
control group at week 13 was almost statistically significant (P =
0.069), which reflected both the higher initial value of insulin
AUC in the intervention group and the large rebound that took
place in week 13.

The intervention group also showed a significant decrease in
total cholesterol at 3 wk (P = 0.011) from 208 (IQR: 140, 221)
mg/dL to 186 (IQR:138, 207) mg/dL and an increase in HDL-
cholesterol from 28(IQR:19, 32)mg/dL at baseline to 33
(IQR:23, 38) mg/dL at 13 wk (P = 0.006), but no difference at
3 wk. A significant increase in total cholesterol was seen in the
control group from184 (IQR:153, 210) mg/dL at baseline to 204
(IQR:169, 223) mg/dL at 13 wk (P � 0.001). The comparison of
change in total cholesterol between the 2 groups shows a sig-
nificance of P = 0.005 at week 3, reflecting the significant de-
crease in total cholesterol over 3 wk in the intervention group
but no change in the control group.

HDL cholesterol in the control group was erratic, with a sig-
nificant increase between baseline and 3 wk from 33 to 37 mg/dL
(P , 0.001) that decreased again back to a median of 33 mg/dL
at week 13, but was still statistically higher (P = 0.026) than at
baseline because of a change in the distribution. There was not
a significant difference in the change in the HDL-cholesterol
values between the 2 groups at either 3 or 13 wk.

Table 3 also contains data on the concentrations of EPA, DHA,
and arachidonic acid (AA) (nmol/dL) in the phospholipid frac-
tion. EPA and DHA in the phospholipid fraction increased sig-
nificantly in absolute amounts in the intervention group (P �
0.001), and AA decreased significantly in the intervention group
at weeks 3 and 13 (P � 0.001 for both). The differences in the
change between groups for EPA and AA at each time point were
all statistically significant. The change in DHA was statistically
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different between groups only at week 13 (P = 0.012). It should
be noted that, in the control group, a small but significant in-
crease was seen in the serum concentrations of EPA and
DHA at week 3, expressed as nmol/mL (P = 0.033 and 0.016,
respectively).

Phospholipid fatty acids

Serum phospholipid fatty acids, expressed as % nmol, are
presented in Table 4. Data for baseline, 3 wk, and 13 wk are
included, and statistical comparisons are made within and

between the intervention and control groups. Statistically
significant decreases in 16:1 (P = 0.015) were observed at
week 13, whereas decreases in 18:1 were observed at both 3
wk (P � 0.001) and 13 wk (P � 0.001) in the intervention
group. These changes are significantly different between the 2
groups at both time periods only for the 18:1 fatty acid (P �
0.001 for both).

A statistically significant decrease in AAwas seen within the
intervention group at 3 wk (P � 0.001) and 13 wk (P � 0.001).
The comparison of the difference in change between the in-
tervention and control groups in AA is significant at 3 wk (P =

TABLE 2

Diet comparison between the intervention and control groups at baseline, week 3, and week 131

Baseline Week 3 Week 13

n Median (IQR) P value2 n Median (IQR) P value2 n Median (IQR) P value2

Energy intake (kcal/d)

Intervention 28 2527 (2000, 3250) 21 2724 (2400, 3138) 21 2306 (1803, 2631)

No intervention 26 2579 (1862, 3162) 0.88 26 2188 (1708, 2804) 0.032 26 2201 (1610, 3672) 0.61

Protein (g)

Intervention 28 112 (92, 133) 21 142 (126, 153) 21 113 (92, 133)

No intervention 26 109 (73, 141) 0.37 26 92 (79, 107) 0.001 26 106 (63, 138) 0.52

Cholesterol (g)

Intervention 28 387 (282, 626) 21 203 (176, 236) 21 230 (203, 406)

No intervention 26 296 (210, 551) 0.17 26 312 (234, 423) 0.002 26 441 (287, 611) 0.034

Fat (% of energy)

Intervention 28 35 (30, 42) 21 28 (27, 30) 21 39 (32, 41)

No intervention 26 33 (27, 40) 0.58 26 34 (29, 38) 0.003 26 37 (33, 39) 0.75

Saturated fat (% of energy)

Intervention 28 12 (9, 15) 21 8 (7, 8) 21 9 (6, 11)

No intervention 26 11 (9, 13) 0.25 26 12 (11, 14) ,0.001 26 13 (10, 14) ,0.001

PUFA (% of energy)

Intervention 28 7 (5, 9) 21 8 (8, 9) 21 11 (7, 15)

No intervention 26 6 (5, 9) 0.97 26 6 (5, 8) ,0.001 26 6 (6, 7) 0.002

MUFA (% of energy)

Intervention 28 13 (11, 14) 21 8 (8, 9) 21 11 (8, 13)

No intervention 26 12 (10, 16) 0.86 26 12 (10, 14) ,0.001 26 14 (12, 15) ,0.001

a-Linolenic acid (% of energy)

Intervention 28 1 (0, 1) 21 1 (1, 1) 21 1 (1, 2)

No intervention 26 1 (0, 1) 0.59 26 1 (0, 1) ,0.001 26 1 (0, 1) ,0.001

n26 FA (% of energy)

Intervention 28 6 (5, 7) 21 6 (6, 7) 21 8 (5, 10)

No intervention 26 6 (4, 8) 0.92 26 5 (4, 7) 0.038 26 5 (5, 6) 0.028

n23 FA (% of energy)

Intervention 28 1 (1, 1) 21 3 (2, 3) 21 4 (3, 5)

No intervention 26 1 (0, 1) 0.31 26 1 (0, 1) ,0.001 26 1 (1, 1) ,0.001

EPA intake (mg)

Intervention 28 0.028 (0.011, 0.144) 21 2.2368 (2.367, 2.370) 21 2.415 (2.370, 2.581)

No intervention 26 0.019 (0.009, 0.039) 0.21 26 0.031 (0.011,0.101) ,0.001 26 0.055 (0.006, 0.254) ,0.001

DHA intake (mg)

Intervention 28 0.133 (0.040, 0.288) 21 2.277 (2.275, 2.283) 21 2.308 (2.262, 2.454)

No intervention 26 0.077 (0.031, 0.156) 0.29 26 0.086 (0.036, 0.182) ,0.001 26 0.118 (0.038, 0.278) ,0.001

n26 FA/n23 FA ratio

Intervention 28 8.3 (5.9, 9.4) 21 2.2 (2.0, 2.7) 21 2.2 (1.7, 3.0)

No intervention 26 8.2 (7.1, 10.7) 0.36 26 7.4 (6.5, 8.9) ,0.001 26 8.0 (5.8, 9.5) ,0.001

Fiber (g)

Intervention 28 21 (16, 28) 21 60 (52, 71) 21 37 (29, 47)

No intervention 26 25 (18, 35) 0.069 26 22 (12, 28) ,0.001 26 22 (14, 32) 0.002

1 At baseline, 61% of the intervention group and 38% of the control group completed the 3-d food record (P = 0.1); at 3 wk, 100% of the intervention

group and 73% of the control group completed the 3-d food record (P = 0.012); and at 13 wk, 86% of the intervention group and 77% of the control group

completed the 3-d food record (P = 0.87). The remaining participants completed a 24-h dietary recall. FA, fatty acid; IQR, interquartile range; DHA,

docosahexaenoic acid; EPA, eicosapentaenoic acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid.
2 The difference between the 2 groups was tested with Wilcoxon’s signed-rank test.
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TABLE 3

Change from baseline in outcome variables by group and differences in changes between groups1

Variable and visit

Change from baseline within groups

P for difference in

change between groups3

Intervention group Control group

n Median (IQR) P value2 n Median (IQR) P value2

Fasting triglycerides (mg/dL)

Baseline 21 180 (141, 396) 26 175 (135, 222)

Week 3 21 114 (84, 169) ,0.001 26 183 (125, 300) 0.74 0.003

Week 13 21 110 (76, 220) 0.005 26 205 (146, 283) 0.5 0.02

Fasting glucose (mg/dL)

Baseline 22 94 (84, 105) 26 95 (86, 102)

Week 3 21 94 (86, 104) 0.43 26 93 (81, 102) 0.38 0.8

Week 13 21 95 (88, 108) 0.24 26 93 (89, 102) 0.76 0.99

Fasting insulin (lIU/mL)

Baseline 22 10 (6, 14) 26 8 (5, 13)

Week 3 21 7 (5, 11) 0.34 26 8 (6, 14) 0.34 0.49

Week 13 21 8 (7, 11) 0.73 26 9 (6, 13) 0.077 0.61

Insulin AUC (lIU � min/mL)4

Baseline 22 8261 (5273, 10,868) 26 5299 (4418, 8153)

Week 3 21 5955 (4575, 10,543) 0.066 24 4868 (3284, 9724) 0.91 0.78

Week 13 20 9028 (5914, 15,359) 0.076 26 5719 (3630, 8993) 0.85 0.069

Glucose AUC (mg � min/dL)

Baseline 22 22,110 (19,388, 26,295) 25 21,660 (18,668, 27,218)

Week 3 21 23,520 (20,963, 25,598) 0.65 25 20,985 (18,630, 23,400) 0.41 0.41

Week 13 21 23,760 (20,873, 26,955) 0.20 26 21,308 (17,850, 26,520) 0.84 0.64

QUICKI

Baseline 22 0.34 (0.32, 0.37) 26 0.36 (0.32, 0.37)

Week 3 21 0.35 (0.32, 0.38) 0.58 26 0.34 (0.32, 0.37) 0.27 0.54

Week 13 21 0.34 (0.32, 0.36) 0.85 26 0.34 (0.32, 0.36) 0.11 0.38

Total cholesterol (mg/dL)

Baseline 21 208 (140, 221) 26 184 (153, 210)

Week 3 21 186 (138, 207) 0.011 26 189 (171, 203) 0.14 0.005

Week 13 21 172 (141, 225) 0.78 26 204 (169, 223) ,0.001 0.14

LDL cholesterol (mg/dL)

Baseline 20 102 (80, 139) 25 106 (79, 133)

Week 3 20 114 (85, 153) 0.32 26 108 (82, 135) 0.82 0.34

Week 13 19 105 (82, 167) 0.14 24 110 (92, 144) 0.045 0.52

HDL cholesterol (mg/dL)5

Baseline 21 28 (19, 32) 26 33 (24, 45)

Week 3 21 26 (21, 37) 0.074 26 37 (27, 45) ,0.001 0.19

Week 13 21 33 (23, 38) 0.006 26 33 (27, 49) 0.02676 0.74

Ultrasensitive CRP (mg/L)

Baseline 21 1.97 (1.02, 2.98) 22 1.42 (0.79, 2.71)

Week 13 21 1.81 (1.00, 3.01) 0.93 21 1.86 (0.80, 2.62) 0.75 0.51

CD4 (count/mm3)

Baseline 22 531 (409, 635) 25 465 (348, 656)

Week 13 20 456 (329, 639) 0.43 26 487 (309, 687) 0.45 0.14

EPA (nmol/mL)

Baseline 21 24 (19, 53) 26 30 (21, 51)

Week 3 21 239 (193, 291) ,0.001 26 47 (32, 66) 0.033 ,0.001

Week 13 21 244 (153, 342) ,0.001 26 32 (26, 57) 0.41 ,0.001

DHA (nmol/mL)

Baseline 21 129 (109, 201) 26 128 (91, 165)

Week 3 21 235 (203, 346) ,0.001 26 164 (124, 191) 0.016 0.071

Week 13 21 252 (208, 308) ,0.001 26 151 (101, 192) 0.16 0.012

AA (nmol/mL)

Baseline 21 575 (471, 793) 26 600 (521, 736)

Week 3 21 444 (338, 511) ,0.001 26 615 (565, 702) 0.78 0.001

Week 13 21 387 (324, 532) ,0.001 26 590 (521, 676) 0.53 ,0.001

1 Total n = 47. At baseline, the intervention and control groups were similar except where noted. QUICKI, Quantitative Insulin Sensitivity Check Index; IQR,

interquartile range; CRP, C-reactive protein; AA, arachidonic acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; AUC, area under the curve.
2 Wilcoxon’s signed-rank test of difference from baseline.
3 Two-sample t test of the difference in change between the 2 groups.
4 Borderline significantly different at baseline (P = 0.13); the distribution was uneven.
5 Borderline significantly different at baseline (P = 0.12).
6 Change is significant because those below the median at baseline had significant increases at week 13, whereas those at or above the median had no change.
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TABLE 4

Differences in serum phospholipids (PLs) within groups and between groups1

Variable and visit

Change from baseline within groups

P for difference in

change between groups3

Intervention group Control group

n Median (IQR) P value2 n Median (IQR) P value2

% nmol % nmol

PL 16:0 (PA)

Baseline 21 29 (28, 31) 26 30 (28, 31)

Week 3 21 30 (29, 31) 0.24 26 30 (28, 32) 0.28 0.72

Week 13 21 30 (29, 32) 0.28 26 30 (29, 32) 0.3 0.89

PL 16:1n27 (PO)

Baseline 21 0.65 (0.59, 0.77) 26 0.80 (0.58, 0.88)

Week 3 21 0.51 (0.38, 0.72) 0.12 26 0.76 (0.57, 0.87) 0.61 0.22

Week 13 21 0.44 (0.35, 0.60) 0.015 26 0.71 (0.57, 0.92) 0.5 0.074

PL 18:0 (SA)

Baseline 21 15 (15, 16) 26 14 (14, 16)

Week 3 21 16 (15, 17) 0.11 26 15 (14, 16) 0.95 0.22

Week 13 21 16 (15, 16) 0.1 26 15 (14, 16) 0.7 0.58

PL 18:1n29 (OL)

Baseline 21 12 (11, 14) 26 13 (11, 14)

Week 3 21 11 (8.9, 11) ,0.001 26 13 (12, 14) 0.87 0.001

Week 13 21 9.9 (9.3, 11) ,0.001 26 12 (11, 14) 0.7 ,0.001

PL 18:2n26 (LA)

Baseline 21 21 (19, 23) 26 22 (21, 24)

Week 3 21 18 (17, 21) 0.002 26 20 (19, 23) 0.72 0.075

Week 13 21 20 (19, 22) 0.1 26 21 (19, 23) 0.78 0.9

PL 18:3n23 (ALA)

Baseline 21 0.25 (0.14, 0.33) 26 0.28 (0.17, 0.36)

Week 3 21 0.28 (0.17, 0.33) 0.092 26 0.29 (0.19, 0.35) 0.93 0.28

Week 13 21 0.27 (0.17, 0.33) 0.24 26 0.27 (0.21, 0.32) 0.45 0.18

PL 20:3n29 (mead)

Baseline 21 0.21 (0.15, 0.35) 26 0.28 (0.18, 0.42)

Week 3 21 0.14 (0.07, 0.26) 0.04 26 0.30 (0.16, 0.36) 0.99 0.069

Week 13 21 0.12 (0.00, 0.29) 0.048 26 0.26 (0.15, 0.40) 0.81 0.35

PL 20:3n26 (DGLA)

Baseline 21 3.7 (2.9, 4.9) 26 4.3 (3.4, 4.8)

Week 3 21 2.0 (1.6, 2.7) ,0.001 26 3.5 (2.7, 4.4) 0.01 0.003

Week 13 21 2.3 (1.7, 2.8) ,0.001 26 4.2 (3.1, 4.7) 0.35 ,0.001

PL 20:4n26 (AA)

Baseline 21 11 (8.9, 13) 26 12 (9.5, 13)

Week 3 21 9.3 (7.9, 11) ,0.001 26 12 (8.5, 13) 0.16 0.025

Week 13 21 8.6 (7.2, 9.9) ,0.001 26 12 (9.2, 13) 0.46 ,0.001

PL 20:5n23 (EPA)

Baseline 21 0.57 (0.43, 0.83) 26 0.57 (0.45, 0.88)

Week 3 21 5.7 (4.2, 6.6) ,0.001 26 0.86 (0.52, 1.2) 0.082 ,0.001

Week 13 21 5.4 (3.8, 7.0) ,0.001 26 0.63 (0.45, 0.94) 0.72 ,0.001

PL 22:4n26 (adrenic)

Baseline 21 0.35 (0.15, 0.51) 26 0.48 (0.37, 0.56)

Week 3 21 0.16 (0.09, 0.24) ,0.001 26 0.37 (0.26, 0.49) 0.011 0.097

Week 13 21 0.17 (0.10, 0.21) ,0.001 26 0.47 (0.29, 0.57) 0.5 ,0.001

PL-22:5n26 (osbond)

Baseline 21 0.32 (0.27, 0.43) 26 0.38 (0.24, 0.52)

Week 3 21 0.12 (0.08, 0.16) ,0.001 26 0.33 (0.25, 0.46) 0.35 0.001

Week 13 21 0.11 (0.07, 0.14) ,0.001 26 0.38 (0.26, 0.53) 0.89 ,0.001

PL 22:5n23 (DPA)

Baseline 21 0.67 (0.40, 0.78) 26 0.74 (0.48, 0.89)

Week 3 21 1.1 (0.73, 1.2) ,0.001 26 0.67 (0.54, 0.90) 0.76 0.011

Week 13 21 1.0 (0.84, 1.3) ,0.001 26 0.72 (0.55, 0.88) 0.99 0.02

PL-22:6n-3 (DHA)

Baseline 21 2.8 (2.0, 3.2) 26 2.4 (1.7, 2.8)

Week 3 21 5.9 (4.9, 6.5) ,0.001 26 3.0 (2.1, 3.4) 0.02 ,0.001

Week 13 21 5.6 (5.0, 6.2) ,0.001 26 2.7 (2.1, 3.2) 0.16 ,0.001

(Continued)
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0.025) and 13 wk (P � 0.001). AA values in the control group
were very stable over this time period. Decreases in the long-
chain n26 fatty acids 20:3n26 [dihomo-c-linolenic acid
(DGLA)], 22:4n26, and 22:5n26 were observed at both 3 and
13 wk within the intervention group (P , 0.001 for all). The
differences in change between the 2 groups are statistically
significant for the 2 fatty acids 20:3n26 and 22:5n26 at both
time periods, whereas for 22:4n26, the comparison between
the intervention and control groups was only significant at
week 13.

It is apparent that the supplementation of the fatty acids EPA
and DHA in the intervention group resulted in significant and
large increases in these fatty acids in the phospholipid fraction. At
baseline, EPA accounted for 0.57% of the total % nmol of fatty
acids, whereas at 3 and 13 wk in the intervention group this value
was 5.7% and 5.4%, respectively (P , 0.001 for both). This is
an ’10-fold increase in EPA values over time. The values of
these fatty acids in the control group remained relatively stable.
The change in DHA in the intervention group was from
2.8 % nmol at baseline to 5.9% and 5.6% nmol at weeks 3 and
13, respectively—a 2-fold increase. There was also a statistically

significant increase in DHA in the control group, from 2.4% to
3.0% from baseline to 3 wk (P = 0.02). Investigating the dietary
intake of n23 fatty acids in the control group over this period,
we discovered that 3 control subjects had fish once a week (as
allowed in those randomly assigned into the control group), but
the large quantities consumed (14 oz, or 392 g/serving) may
have accounted for the increases in mean DHA values observed
in the control group. The ratio of the n26/n23 fatty acids in the
serum phospholipid fatty acids was significantly and dramati-
cally lowered in the intervention group, decreasing from 8.28 to
2.35 at both week 3 and at week 13 (P , 0.001 for both). This
was due to both a decrease in total n26 fatty acids and an in-
crease in n23 fatty acids in the intervention group, which is
closely reflected in their proportions in the phospholipid frac-
tion, expressed as % nmol and as nmol/dL in Table 3.

Evaluation of the effects of the 3 categories of antiretroviral
treatment [HAART with protease inhibitor (PI), HAART
without PI, or no treatment] indicated that there was no in-
dependent effect of the medications on the outcomes of tri-
glycerides, insulin AUC, glucose AUC, or highly sensitive CRP
(data not shown).

TABLE 4 (Continued )

Variable and visit

Change from baseline within groups

P for difference in

change between groups3

Intervention group Control group

n Median (IQR) P value2 n Median (IQR) P value2

% nmol % nmol

PL SFA

Baseline 21 45 (43, 45) 26 44 (43, 45)

Week 3 21 45 (45, 46) 0.003 26 44 (44, 45) 0.068 0.17

Week 13 21 46 (45, 46) 0.002 26 45 (44, 46) 0.044 0.6

PL MUFA

Baseline 21 13 (12, 14) 26 14 (12, 15)

Week 3 21 11 (9.3, 12) ,0.001 26 14 (12, 15) 0.95 0.001

Week 13 21 11 (9.8, 11) ,0.001 26 13 (12, 15) 0.76 ,0.001

PL PUFA (includes DUFA)

Baseline 21 43 (41, 43) 26 43 (42, 44)

Week 3 21 44 (43, 45) ,0.001 26 43 (40, 44) 0.39 0.015

Week 13 21 44 (43, 45) 0.023 26 42 (40, 43) 0.068 0.01

PL n26

Baseline 21 38 (36, 39) 26 39 (36, 39)

Week 3 21 31 (29, 32) ,0.001 26 37 (34, 39) 0.018 ,0.001

Week 13 21 30 (28, 33) ,0.001 26 38 (36, 39) 0.057 ,0.001

PL n23

Baseline 21 4.4 (3.0, 5.0) 26 3.9 (3.5, 4.7)

Week 3 21 13 (11, 14) ,0.001 26 4.6 (3.7, 5.8) 0.033 ,0.001

Week 13 21 13 (10, 15) ,0.001 26 4.1 (3.4, 5.3) 0.42 ,0.001

PL n26/n23 ratio

Baseline 21 8.28 (7.08, 11.42) 26 10.01 (8.02, 11.39)

Week 3 21 2.35 (2.07, 2.91) ,0.001 26 7.70 (6.26, 9.68) 0.021 ,0.001

Week 13 21 2.35 (1.91, 3.08) ,0.001 26 9.06 (7.28, 11.07) 0.29 ,0.001

PL EPA and DHA

Baseline 21 3.5 (2.5, 4.0) 26 3.0 (2.6, 3.9)

Week 3 21 11 (9.6, 13) ,0.001 26 3.9 (2.8, 4.8) 0.033 ,0.001

Week 13 21 11 (9.1, 13) ,0.001 26 3.2 (2.6, 4.2) 0.28 ,0.001

1 Total n = 47. PA, palmitic acid; PO, palmitoleic acid; SA, stearic acid; OL, oleic acid; LA, linoleic acid; ALA, a-linolenic acid; DGLA, dihomo-

c-linolenic acid; AA, arachidonic acid; EPA, eicosopentaenoic acid; DPA, docosapentaenoic acid; DHA, docosahexaenoic acid; SFA, saturated fatty acid;

MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; DUFA, diunsaturated fatty acid; IQR, interquartile range.
2 Wilcoxon’s signed-rank test of the change from baseline.
3 Two-sample t test of the difference in change between the 2 groups.
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Correlation of phospholipid fatty acids and outcome
measures

Evaluation of the correlations between changes in fatty acids
and changes in the 3 major outcome variables (Table 5) over the
first 3 wk of the study indicated that changes in 20:3n26
(DGLA) were directly correlated to changes in serum tri-
glyceride concentrations (r = 0.37, P = 0.01). Changes in DGLA
were negatively associated with changes in glucose AUC with
an r = 20.31 (P = 0.037). Total n23 fatty acids and EPA+DHA
showed a negative correlation with serum triglycerides: r =
20.31 (P = 0.035) and r = 20.34 (P = 0.021), respectively.
Therefore, the greater the increase in total n23 fatty acids or
EPA+DHA, the greater the decrease in serum triglyceride con-
centrations. The fatty acids 16:1, 18:1, 20:3n26 (DGLA), and
22:5n26 and the percentage of monounsaturated fatty acids
were all positively and significantly associated with an increase
in serum triglyceride concentrations, with correlations ranging
from 0.32 to 0.44. EPA+DHA, EPA (data not shown), and the
percentage of polyunsaturated fatty acids (data not shown) were
negatively associated with an increase in serum triglycerides,
but the associations were weaker.

Changes in the levels of specific fatty acids, expressed as %
nmol, were correlated with changes in the glucose AUC at week
13. Increases in EPA, DHA, total n23 fatty acids, and EPA
+DHA were positively associated with increases in the glucose
AUC. Changes in total n26 fatty acids and the n26/n23 ratio
were negatively associated with the change in the glucose AUC,
so increases in n26 fatty acids and increases in the n26/n23
ratio were associated with decreases in the glucose AUC. In

addition, an increase in the specific n26 fatty acid 22:5n26 was
associated with a decrease in the glucose AUC (r = 20.30, P =
0.043). These associations were not strong. EPA (20:5n23) was
the only fatty acid associated with insulin AUC. At 13 wk, it was
positively associated with insulin AUC (r = 0.36, P = 0.013).

DISCUSSION

Published reports in the HIV-infected population have shown
that supplementation with n23 fatty acids at levels of 2–6 g/d
were effective at lowering serum triglycerides by 15–25%, even
in individuals treated with HAART (8–11). This nutritional in-
tervention study showed that adherence to a diet high in n23
fatty acids (4–6 g/d) was effective at producing a significant and
sustained median drop in serum triglycerides in the intervention
group of 46% (IQR: 265%, 10%) (data not shown). In addition,
we observed a significant decrease in the proportion of AA in
phospholipid fatty acids in the intervention group (P � 0.001) at
13 wk and a significant difference between the groups (P �
0.001). This decrease would be expected to decrease the pro-
duction of inflammatory cytokines for which AA is the primary
substrate (41, 42). Oleic acid (18:1n29) was significantly re-
duced in the intervention group at week 13 (P � 0.001) and was
significantly lower than in the control group (P , 0.001). This
suggests a decrease in de novo lipogenesis. Increased lipogen-
esis is a common observation in the metabolic syndrome.

The intervention group maintained their dietary goals into
week 13, except for total fat intake. Dietary cholesterol and
saturated fat intakes continued to be low into week 13, which

TABLE 5

Correlations between the change in phospholipid fatty acids (PL FAs; % nmol) and the change in outcome measures from

baseline to 3 wk and from baseline to 13 wk1

3 wk 13 wk

r P r P

PL FAs and serum triglycerides — — — —

16:1 (palmitoleic) — NS 0.32 0.030

18:1 (oleic) — NS 0.44 0.002

20:3n26 (DGLA) 0.37 0.010 0.35 0.015

22:5n26 — NS 0.39 0.006

20:5n23+22:6n23 (EPA+DHA) 20.34 0.021 20.29 0.046

Total n23 fatty acids 20.31 0.035 — NS

MUFA — NS 0.44 0.002

PL FAs and glucose AUC

20:3n29 0.30 0.043 — NS

20:3n26 (DGLA) 20.31 0.037 — NS

22:5n23 (DPA) — NS 0.31 0.033

22:5n26 — NS 20.30 0.043

20:5n23 (EPA) — NS 0.39 0.007

22:6n23 (DHA) — NS 0.34 0.020

EPA+DHA — NS 0.39 0.007

Total n23 fatty acids — NS 0.40 0.006

Total n26 fatty acids — NS 20.32 0.033

n26/n23 ratio — NS 20.32 0.030

PL FAs and insulin AUC

20:5n23 (EPA) — NS 0.36 0.013

1 n = 47. This table includes only covariates for which r � 0.30. AUC, area under the curve; DGLA, dihomo-

c-linolenic acid; EPA, eicosopentaenoic acid; DPA, docosapentaenoic acid; DHA, docosahexaenoic acid; MUFA, mono-

unsaturated fatty acid.
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suggested that many of the changes could be maintained long
term. The daily intake of a large portion of fish would present the
largest barrier to long-term dietary change, whereas the use of
n23 supplements presented no problem. The total serum cho-
lesterol concentration increased significantly from baseline to
week 13 in the control group with no change in body weight or
calorie intake, but a significant increase in saturated fat (P =
0.011) during this period could explain this increase (data not
shown).

The literature supports an important role for n23 fatty acids in
increasing insulin sensitivity via interaction with transcription
factors known to be critical modulators of insulin sensitivity,
such as peroxisome proliferators–activated receptors, steroid
regulating element binding protein, signaling compounds such
as diacylglycerol, and critical enzymes such as phosphatidyl
inositol–3 kinase or acute phase proteins such as highly sensitive
CRP underlying processes of inflammation, lipogenesis, and
fatty acid oxidation (12, 13, 19, 43–47). n23 Fatty acids can
reverse insulin resistance in a rat model of dietary-induced in-
sulin resistance, initiated by increased intake of saturated fat,
and improve glucose metabolism and insulin sensitivity in
healthy subjects, but are not able to reverse insulin resistance in
persons with established insulin resistance (48). In 2 studies, the
expected effects of n23 fatty acids were not seen in the presence
of a high-fat diet (49, 50).

We approached this lack of consistency of an effect of n23
fatty acids on insulin sensitivity as being indicative of the need
to control both macronutrient intake, especially fat intake, and to
supply n23 fatty acid supplementation with an n26/n23 ratio
of ’2 or less. This would provide higher availability of the n23
fatty acids, which are in competition with the n26 fatty acids
(51). The potential validation of this proposition is supported by
the improvement in insulin sensitivity at week 3 when we pro-
vided the intervention diet. However, this decrease in insulin
AUC was not statistically significant (P = 0.066). This may be
due to a small sample size or because only 62% of the subjects
in the intervention group had insulin resistance at baseline (data
not shown).

Serum phospholipid fatty acids have been used as a good
estimate of membrane phospholipid composition, which in-
fluence many metabolic functions. At 3 wk, the change in
phospholipid fatty acids, EPA+DHA, and total n23 fatty acids
were both negatively correlated with the change in total serum
triglycerides, consistent with previous reports. Of interest was
the observation of a direct relation between change in the fatty
acid DGLA (20:3n26) with serum triglyceride changes (r =
0.37, P = 0.01). This fatty acid might accumulate in the presence
of a lower activity of D-5 desaturase. The decrease in this fatty
acid and serum triglycerides in the intervention group at week 3
is consistent with an interpretation of a lower D-5 desaturase
activity.

Our earlier publication (52) showed evidence of increased
activity of D-6 and D-5 desaturase in only the HIV-infected
patients, which was ascribed to the disease and the treatment
medications. In this nutrition intervention study, HIV subjects in
the intervention showed indications of a reduction in the activity
of these 2 desaturases, as evidenced by statistically lower values
of 20:3n26 (DGLA), 20:4n26 (AA), 22:4n26, and 22:5n26,
which are products of these desaturases in the n26 fatty acid
series. n23 Fatty acids have been reported to down-regulate D-9

desaturase in rats (53), where it increased fatty acid oxidation
and suppressed hepatic fatty acid synthesis to reverse lipid build-
up in the liver and decrease the secretion of triglycerides. The
reduction in the activity of these desaturases could be ascribed to
their down-regulation by the highly elevated levels of n23 fatty
acids supplied as a supplement.

If the ratios of the product to precursor are used as an in-
dication of desaturase activity, increases in D-9 and D-6 desa-
turase and decreases in D-5 desaturases have been reported in
persons with the metabolic syndrome and insulin resistance (54–
56). Protease inhibitors have been reported to increase D-9 and
D-6 desaturase enzymes and decrease D-5 desaturase in children
with HIV infection (57).

The role of D-5 desaturase is based on product-precursor
ratios and has only been analyzed directly in type 1 diabetes,
where it was suppressed compared with controls (58, 59). This
reported suppression of D-5 desaturase in diabetes, with the
reduced ability to synthesize longer-chain unsaturated fatty
acids, could be expected to be detrimental in persons with di-
abetes who have high intakes of saturated fat and low intakes of
polyunsaturated fat (60). In the presence of high intakes of
highly unsaturated fatty acids (either n26 or n23), elevated
activity of D-5 desaturases would be assumed to be less critical.

Subjects in the intervention group, treated with diet and n23
supplementation, showed lower levels of products of D-5 desa-
turase, but this was in the setting of increased activity related to
HIV infection and its treatment and presumably does not have
the same implications for persons with diabetes, independent of
HIV infection.

A weakness of the study was its small sample size, which
decreased our chances to determine the effect of the intervention
on markers of insulin sensitivity. The control group was not seen
as often as the intervention group, which was reflected in the
lower percentage of subjects who provided a 3DFR.

In summary, our HIV study subjects who received HAARTand
had elevated serum triglycerides and/or insulin resistance, had
high levels of fatty acids formed by the D-9, -6, and -5 desaturase
enzymes, increased de novo lipogenesis, and increased levels of
AA (20:4n26), which is characteristic of increased inflam-
mation. All of these effects were ameliorated through the con-
sumption of a healthier diet that was low in total and saturated
fats, that was higher in fiber and n23 fatty acids, and that had
a lower n26/n23 ratio.
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56. Pelikánová T, Kazdova L, Chvojkova S, Base J. Serum phospholipid
fatty acid composition and insulin action in type 2 diabetic patients.
Metabolism 2001;50:1472–8.

57. Aldamiz-Echevarria L, Pocheville I, Sanjurjo P, et al. Abnormalities in
plasma fatty acid composition in human immunodeficiency virus-
infected children treated with protease inhibitors. Acta Paediatr 2005;94:
672–7.

58. Rimoldi JO, Finarelli GS, Brenner RR. Effects of diabetes and insulin on
hepatic delta 6-desaturase gene expression. Biochem Biophys Res
Commun 2001;283:323–6.

59. El Boustani S, Causse JE, Descomps B, Monnier L, Mendy F, Crastes de
Paulet A. Direct in vivo characterization of delta5-desaturase activity in
humans by deuterium labeling: effect of insulin. Metabolism 1989;38:
315–21.

60. Hodge AM, English DR, O’Dea K, et al. Plasma phospholipids and
dietary fatty acids as predictors of type 2 diabetes: interpreting the role
of linoleic acid. Am J Clin Nutr 2007;86:189–97.

1578 WOODS ET AL


