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Fatty acids, inflammation, and the metabolic syndrome1,2

Stephen D Phinney

The metabolic syndrome is a locus of 5 biologic indexes that
together, in combinations of �3, predict the development of
cardiovascular disease and type 2 diabetes. Although these 5
indexes—hypertension, insulin resistance, central adiposity, hy-
pertriglyceridemia, and low HDL cholesterol concentrations—
are readily measured in clinical medicine, mechanistically they
seem to have little in common. The emerging information linking
basal (ie, constituitive) inflammation with the metabolic syn-
drome and obesity (1) may either make this picture even more
complex, or it may provide a mechanistic link between these
indexes.

In this issue of the Journal, Klein-Platat et al (2) report that
overweight preteen adolescents have higher plasma concentra-
tions of C-reactive protein and interleukin 6 than do normal-
weight control subjects. Fatty acid composition analysis of the
subjects’ plasma phospholipid and cholesteryl ester (CE) frac-
tions also uncovered differences between normal-weight and
overweight groups, including higher saturated fatty acids and
lower n–3 polyunsaturated fatty acids in the overweight group,
particularly in the phospholipid fraction. These distortions in the
phospholipid fatty acid composition were even more pronounced
in the subgroup of overweight subjects who met the criteria for
the metabolic syndrome. In addition, the metabolic syndrome
subgroup also showed a marked elevation in palmitoleic acid
(16:1n–7) in both the phospholipid and CE fractions.

It is tempting to conclude that the increased saturated fatty acid
concentrations and reduced n–3 fatty acid concentrations in the
overweight subjects in the present study (2) were due to poor diet.
Furthermore, because n–3 fatty acids have antiinflammatory
properties, a reduced intake of fish and leafy greens might also
explain the higher concentrations of plasma interleukin 6 and
C-reactive protein. However, dietary differences do not offer a
direct explanation for the elevated 16:1n–7 concentrations in
phospholipids and CEs that were associated with the metabolic
syndrome. This fatty acid is unusual in the human diet (the only
common dietary source being macadamia nuts), but it is readily
produced in humans by the enzyme stearoyl-CoA desaturase-1
(also called �-9 desaturase).

In a prior report, Kunesova et al (3) noted significant within-
pair concordances for 16:1n–7 across multiple serum and adi-
pose lipid fractions in adult identical twins who lived apart, and
they also noted that 16:1n–7 in adipose and serum triacylglyc-
erols correlated with body mass index and adiposity, as measured
by both skin fold thicknesses and hydrodensitometry. This group
also reported strong within-pair concordances for multiple

essential polyunsaturated fatty acids in serum phosphatidyl cho-
line, but not in CEs or triacylglycerols. These observations indi-
cate that genotype exerts a strong influence on both the nones-
sential and the essential fatty acid composition, particularly in
membrane components, independent of diet.

So what role does constituitive inflammation play? Is it sec-
ondary to diet or genotype-driven fatty acid differences, or does
it have a more direct causal role? Given that we now understand
leptin to be a proinflammatory cytokine (4), it is interesting to
look in retrospect at serum and tissue fatty acids in the Zucker
fatty rat, which lacks the leptin receptor and maintains high
serum leptin concentrations. In these animals, 16:1n–7 is dra-
matically elevated in all lipid fractions in the obese genotype,
whereas membrane polyunsaturated fatty acids are abnormal
because of maldistribution between the phospholipid and CE
fractions (5). Furthermore, when these animals were fed
�-linolenic acid (18:3n–6), an antiinflammatory fatty acid that
also corrected the principal membrane polyunsaturated abnor-
mality, both food intake and weight gain were selectively re-
duced in the obese, but not in the lean, genotype (5, 6). These
results suggest a close and causal relation between inflammation
and tissue fatty acid distribution, with implications for both in-
sulin resistance (7) and weight gain.

Clearly, dietary fat, both the specific type and the total amount,
can affect tissue fatty acid composition, cell-mediated inflam-
matory processes (8), and inflammation-mediated disease out-
come (9). However, the twin study by Kunesova et al (3) and the
differences between lean and obese Zucker rats that were fed
the same diet emphasize the importance of genotype in the
postabsorptive metabolism and distribution of both essential
and nonessential fatty acids. Given an understanding of spe-
cific genes or gene combinations on fatty acid metabolism, we
will be better able to use dietary intervention for person-
specific health benefits.

It is also clear that understanding the interrelations within and
between different fatty acid classes and their effects on other
metabolic processes will not be easy. Difficulties in understand-
ing these relations include the wide variations in fatty acid com-
position between different lipid fractions in the same tissue and
also between the same fractions in different tissues. Although

1 From the School of Medicine, University of California, Davis, Davis,
CA.

2 Reprints not available. Address correspondence to SD Phinney, 6108
Boothbay Court, Elk Grove, CA 95758. E-mail: sdphtb@comcast.net.

1151Am J Clin Nutr 2005;82:1151–2. Printed in USA. © 2005 American Society for Nutrition

 at U
niv of C

algary M
ed Lib P

eriodicals on D
ecem

ber 6, 2005 
w

w
w

.ajcn.org
D

ow
nloaded from

 

http://www.ajcn.org


both serum and plasma are convenient analytes, their phospho-
lipid fractions differ substantially from those of most fixed tis-
sues (5) and may not adequately reflect the fatty acid composition
of the target organ in question. Thus, the lack of a relation be-
tween phospholipid polyunsaturated fatty acids and insulin sen-
sitivity in the study by Klein-Platat et al (2) may be due to their
analysis of plasma lipids rather than an insulin-responsive organ
membrane, such as skeletal muscle (7).

The most consistent observation in studies of fatty acid com-
position in obesity is the strong correlation between 16:1n–7 and
adiposity (2, 3, 5, 10). This monounsaturated product derived
from palmitic acid (16:0) is clearly not produced by the isolated
activation of stearoyl-CoA desaturase-1, because all of these
studies showed increases in the precursor 16:0 pool as well (al-
though to a proportionately lesser degree). Because 16:1n–7 has
a relatively short metabolic half-life, its tissue accumulation in
obesity is therefore most likely a result of increased production
via de novo lipogenesis. It follows that 16:1n–7 might be eval-
uated as a biomarker for weight gain and its pathway of produc-
tion explored as a target for therapeutic intervention.

In conclusion, the report by Klein-Platat et al (2) is an excellent
first step toward understanding the metabolic interactions be-
tween dietary fatty acids, endogenous fatty acid partitioning,
inflammation, and obesity. Improved understanding of these
processes could lead to the rational therapeutic use of essential
fatty acids of both the n–3 and n–6 families to prevent and treat
the metabolic syndrome. However, changes in dietary fat com-
position alone may not be sufficient to overcome the downstream
metabolic effects of the postabsorptive maldistribution of essential
fatty acids in fixed tissue membranes. The interactions between
inflammation, insulin sensitivity, membrane abnormalities, and de
novo lipogenesis offer a host of targets for future research.

The author had no conflicts of interest.

REFERENCES
1. Wellen KE, Hotamisligil GS. Inflammation, stress, and diabetes. J Clin

Invest 2005;115:1111–9.
2. Klein-Platat C, Drai J, Oujaa M, Schlienger J-L, Simon C. Plasma fatty

acid composition is associated with the metabolic syndrome and low-
grade inflammation in overweight adolescents. Am J Clin Nutr 2005;
82:1178–84.

3. Kunesova M, Hainer V, Stich V, et al. Serum and adipose tissue fatty acid
composition in female obese identical twins. Lipids 2002;37:27–32.

4. Canavan B, Salem RO, Schurgin S, et al. Effects of physiologic leptin
administration on markers of inflammation, platelet activation, and
platelet aggregation during caloric deprivation. J Clin Endocrinol Metab
2005; Aug 2 [Epub ahead of print; DOI20.2302/jc.205–0780].

5. Phinney SD, Tang AB, Thurmond DC, Nakamura MT, Stern JS. Ab-
normal polyunsaturated lipid metabolism in the obese Zucker rat, with
partial metabolic correction by gamma-linolenic acid administration.
Metabolism 1993;42:1127–40.

6. Thurmond DC, Tang AB, Nakamura MT, Stern JS, Phinney SD. Time-
dependent effects of progressive gamma-linolenate feeding on hy-
perphagia, weight gain, and erythrocyte fatty acid composition during
growth of Zucker obese rats. Obes Res 1993;1:118–25.

7. Borkman M, Storlien LH, Pan DA, et al. The relation between insulin
sensitivity and the fatty-acid composition of skeletal-muscle phospho-
lipids. N Engl J Med 1993;328:238–44.

8. Lee TH, Hoover RL, Williams JD, et al. Effect of dietary enrichment
with eicosapentaenoic and docosahexaenoic acids on in vitro neutrophil
and monocyte leukotriene generation and neutrophil function. N Engl
J Med 1985;312:1217–24.

9. Burr ML, Fehily AM, Gilbert JF, et al. Effects of changes in fat, fish, and
fibre intakes on death and myocardial reinfarction: diet and reinfarction
trial (DART). Lancet 1989;2:757–61.

10. Phinney SD, Fisler JS, Tang AB, Warden C. Liver fatty acid composition
correlates with body fat and gender in a multigenic mouse model of
obesity. Am J Clin Nutr 1994;60:61–7.

1152 EDITORIAL

 at U
niv of C

algary M
ed Lib P

eriodicals on D
ecem

ber 6, 2005 
w

w
w

.ajcn.org
D

ow
nloaded from

 

http://www.ajcn.org

