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Summary
Background & aims: Arachidonic acid, a precursor to a series of inflammatory mediators,
may contribute to the development of insulin resistance. We examined the association
between adipose tissue arachidonic acid and the metabolic syndrome in Costa Rica, a
country in which the metabolic syndrome is highly prevalent.
Methods: The 484 study participants each provided a fasting blood sample and an adipose
tissue biopsy that was analyzed for fatty acid composition. Criteria for the metabolic
syndrome were those established in the Third Report of the National Cholesterol Education
Program Expert Panel. The data were analyzed by multivariate logistic regression.
Results: Subjects with greater adipose tissue arachidonic acid content had an increasing
risk of the metabolic syndrome across quintiles: odds ratio (95% confidence interval), 1.00;
1.51 (0.78–2.91); 2.40 (1.26–4.55); 3.50 (1.84–6.66); and 6.01 (3.11–11.61); test for trend,
Po0.0001, after adjustment for age, gender and area of residence. Further adjustment for
metabolic risk factors, including adipose fatty acids and body mass index, did not
significantly modify the result. Adipose tissue arachidonic acid was also independently
associated with abdominal obesity, hypertriglyceridemia, elevated fasting glucose, and
high blood pressure.
Conclusions: This study identifies arachidonic acid as an important independent marker of
metabolic dysregulation. A better understanding of the role of this fatty acid in the
pathogenesis of the metabolic syndrome is warranted.
& 2007 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights
reserved.
Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
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Introduction

Arachidonic acid, an n-6 polyunsaturated fatty acid (PUFA),
is a major component of mammalian cell membranes and
may account for up to 25% of all phospholipid fatty acids.1

Although it is consumed in the diet in meats, eggs, and some
fish, it is also synthesized in the liver from linoleic acid, the
most abundant dietary PUFA, and transported to other cell
types via serum albumin or lipoproteins.2 A major function
of arachidonic acid is to serve as a precursor to the
eicosanoid family of autocrine and paracrine hormones that
modulates immune and inflammatory responses in the body.3

Additionally, there is evidence that arachidonic acid may act
as a transcriptional regulator by modulating signal transduc-
tion at the cell surface, by altering membrane fluidity, or
cell–surface interactions by acylating membrane pro-
teins.4–7

Arachidonic acid is the precursor of the 2-series of
prostaglandins, which have greater biological activity than
the 3-series prostaglandins derived from the n-3 PUFA, such
as eicosapentaenoic and docosahexaenoic acids.1 There is a
suggestion that excessive production of n-6 eicosanoids from
arachidonic acid, such as the 2-series prostaglandins, may
give rise to pathophysiological signaling.8 Indeed elevated
tissue levels of arachidonic acid have been associated with a
number of disease states, including coronary heart dis-
ease,9,10 breast cancer,11 obesity,12,13 diabetes14 and
stress.15

Arachidonic acid can act as a strong negative modulator
of glucose uptake,16 and studies have demonstrated higher
serum levels of arachidonic acid in diabetic subjects
compared to normal matched controls.17 However, the data
on the subject have been conflicting, as other studies have
shown a positive correlation between arachidonic acid and
insulin sensitivity.18–20 These inconsistencies are inherent in
the large number of in vitro studies done on the subject, but
epidemiological studies are scarce.

Insulin resistance is postulated to be responsible for the
rapidly increasing incidence of the metabolic syndrome in
the world population. Epidemic rates of obesity are a major
contributor; however, genetic and dietary factors are also
thought to be very important. The metabolic syndrome is
associated with a high risk of coronary heart disease,
diabetes and premature death, and is especially pervasive
in many developing countries. Costa Rica is one such country
in which the metabolic syndrome is highly prevalent, despite
having lower rates of obesity than many industrialized
nations. We conducted a population-based study in Costa
Rica, a country with low intake of n-6 PUFA,21 to test the
hypothesis that arachidonic acid in adipose tissue is
positively associated with the metabolic syndrome.

Materials and methods

Study population

Study participants were the 521 control subjects from a
case-control study of heart disease conducted in Costa Rica
between 1994 and 1998.21 The control subjects were chosen
via the Costa Rican National Census and Statistics Bureau at
random throughout the greater San Jose area, which
included 18 counties and comprised a full range of socio-
economic levels (although middle-income households pre-
dominate in Costa Rica) and urban (57%), suburban (28%)
and rural (15%) lifestyles. The participation rate was 90%. All
subjects gave written informed consent on forms approved
by the Human Subjects Committee of the Harvard School of
Public Health and the Ethics Committee of the University of
Costa Rica. The total study area encompassed 2225 km2 and
1,092,000 people who were culturally Hispanic American
and ethnically Mestizo, as a result of four centuries of
tripartite (white, Amerindian and black) racial mixing.

Data collection

The interview consisted of a general questionnaire of close-
ended questions concerning socio-demographic character-
istics, past medical history, family history of diabetes,
current medication usage, socioeconomic status and smok-
ing history. Self-reported diabetes and hypertension were
validated as previously described.22 Following the inter-
views, anthropometrical measurements (height, weight,
blood pressure, waist/hip diameter and skinfold thickness)
were collected by trained fieldworkers while subjects wore
light clothing and no shoes. Additionally, biological speci-
mens (subcutaneous fat aspiration and blood samples) were
collected. Subcutaneous adipose biopsies were taken from
the top of the buttock via a 16 gauge needle and stored in a
10 cc syringe, where it was immediately immersed in ice for
later analysis. Blood samples were drawn in 0.1% EDTA after
a 12–14 h fast. Blood tubes were immediately stored at 4 1C
and shielded from light.

Dietary assessment

Dietary intake was collected using a food frequency
questionnaire (FFQ) that had been developed and validated
specifically to assess fatty acid intake among the Costa Rican
population.21,23 Dietary information from the FFQ was used
to test whether the adipose tissue associations were
independent from dietary intake.

Laboratory analysis

Fatty acids from adipose tissue samples were extracted from
a hexane and isopropanol (3:2 by volume) mixture contain-
ing the sample and were esterified with methanol and acetyl
chloride. After esterification, the methanol and acetyl
chloride were evaporated, and the fatty acid methyl esters
were quantified by gas–liquid chromatography as previously
described.24 Thirty-five out of 50 fatty acids analyzed were
detected by this method. Twelve duplicate samples, indis-
tinguishable from others, were analyzed throughout the
study. The between-run coefficients of variation for linoleic
and arachidonic acid were 5.5% and 11.2%, respectively.

Blood tubes were centrifuged within 6 h at 2500 rpm for
20min to separate plasma. Plasma triglyceride, cholesterol
and HDL cholesterol levels were assayed with enzymatic
reagents (Boehringer–Mannheim). Cholesterol measure-
ments were standardized according to the program specified
by the Centers for Disease Control and the National Heart,
Lung and Blood Institute.
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Metabolic syndrome

As detailed in the third report of the Adult Treatment Panel
(ATP III), subjects having three or more of the following
criteria were defined as having the metabolic syndrome25:
�
 abdominal girth: waist girth4102 cm in men or488 cm in
women;

�
 hypertriglyceridemia: serum triglycerides X1.69mmol/L

(150mg/dl);

�
 low high-density lipoprotein cholesterol: serum HDL

cholesterolo1.03mmol/L (40mg/dl) in men or
o1.28mmol/L (50mg/dl) in women;

�
 high blood pressure: blood pressure X130/85mmHg;

�
 high fasting glucose: blood glucose levels X5.6mmol/L

(100mg/dl).
Subjects using antihypertensive or diabetic medication were
considered to meet the criteria for high blood pressure or
high fasting glucose, respectively. The fasting glucose cutoff
was lowered to 100mg/dl to reflect revised guidelines for
impaired fasting glucose.26
Table 1 General characteristics of study participants with and

Met

No
n ¼

Mea

General characteristics
Age, y 55
Gender, % female 20
Residence, % rural 13
Current smoker, % X1 cig/day 30
Income, USD/mo 600
Physical activity, METSy 1
Body mass index, kg/m2 24
Triceps skinfold, cm 16
Subscapular skinfold, cm 19
Suprailiac skinfold, cm 14

Fasting plasma lipids and blood glucose, mg/dL
Total cholesterol 200
Total triglyceride 175
HDL cholesterol 45
Glucose 71

Individual components of the metabolic syndrome, %
Abdominal obesity 5
Hypertriglyceridemia 48
Low HDL cholesterol 39
High blood pressure 45
High fasting glucose 4

Self-reported hypertension, % yes 13
Self-reported diabetes, % yes 4

�According to the Adult Treatment Panel III criteria.
yMETS, metabolic equivalent task.
Statistical analysis

Data analysis was performed using the Statistical Analysis
Systems (SAS) software. There were 484 subjects included in
the analysis after those with missing data points were
excluded. After the data were checked for errors, outliers
and distributions, means and frequencies for health char-
acteristics and potential confounders were compared by
using the Wilcoxon test. Multiple non-conditional logistic
regression analysis was used to examine the effects of
adipose tissue fatty acids on the metabolic syndrome; odds
ratios and 95% confidence intervals for fatty acid quintiles
were determined. Tests for trend were then performed
across quintiles using the median value for each of the
quintiles modeled as a continuous variable.
Results

Table 1 shows the characteristics of the study population,
separated into those that did not meet the ATP III definition
of the metabolic syndrome (no) and those that satisfied
three or more of the clinical criteria for the syndrome (yes).
Overall, the prevalence of the metabolic syndrome in this
without metabolic syndrome.

abolic syndrome� P

Yes
273 n ¼ 211

n SD Mean SD

11 60 10 o0.0001
35 0.0002
19 0.064
23 0.060

493 528 486 0.08
.49 0.80 1.45 0.73 0.91
.5 3.3 27.7 4.2 o0.0001
.0 8.7 21.0 10.9 o0.0001
.8 8.6 27.8 11.3 o0.0001
.9 8.7 20.3 11.2 o0.0001

40 203 37 0.24
102 254 115 o0.0001
12 38 9 o0.0001
22 87 40 o0.0001

37 o0.0001
92 o0.0001
88 o0.0001
93 o0.0001
34 o0.0001
45 o0.0001
22 o0.0001
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cross-sectional study was 43%, but higher in women than
men. Compared with those without the metabolic syn-
drome, those with the syndrome were older and more likely
to live in rural areas. Among the individual components of
the metabolic syndrome, hypertriglyceridemia and high
blood pressure were the most common, followed by low
HDL and abdominal obesity. Table 2 summarizes dietary
intake and fatty acid distribution in adipose tissue for the
two groups. No significant differences in dietary intake were
observed between subjects with and without the metabolic
syndrome. In contrast, the adipose fatty acid distribution
Table 2 Dietary intake and adipose tissue fatty acids of study

Metabolic syndrome

No
n ¼ 273

Mean SD

Total calories, kcal 2368 74
Carbohydrates, %energy 54.1 8.
Protein, %energy 13.4 2.
Total fat, %energy 33.2 6.
Saturated fat, %energy 11.6 2.
14:0 0.85 0.
16:0 7.9 2.
18:0 2.5 0.

Monounsaturated fat, %energy 12.4 3.
16:1n-9 0.45 0.
18:1n-9 10.1 3.

Polyunsaturated fat, %energy 5.6 1.
18:2 n-6 5.0 1.
18:3 n-6 0.03 0.
20:4 n-6 0.09 0.
18:3 n-3 0.48 0.
20:5 n-3 0.04 0.
22:6 n-3 0.07 0.

Trans unsaturated fat, %energy 1.24 0.
Cholesterol in mg/1000 cal 122 51
Fiber, g/1000 kcal 10.6 3.
Sodium intake, mg/d 2118 75
Alcohol intake, g/d 8.5 18
%alcohol users 57

Fatty acids in adipose tissuea

14:0 1.03 0.
16:0 21.7 2.
18:0 3.14 1.
16:1 5.92 2.
18:1 44.1 2.
18:2 n-6 13.6 3.
18:3 n-6 0.16 0.
20:4 n-6 0.41 0.
18:3 n-3 0.56 0.
20:5 n-3 0.04 0.
22:6 n-3 0.16 0.

Total trans 3.14 1.

aAge-adjusted adipose tissue fatty acids presented as a percent of
differed significantly between the two groups. Overall,
subjects with the metabolic syndrome were characterized
by lower saturated and higher monounsaturated fatty acid
content in adipose tissue. Lower 18-carbon PUFA and higher
long-chain PUFA were also characteristic of the metabolic
syndrome regardless of whether the double bonds were at
the n-3 or n-6 position.

The distribution of potential confounders by quintiles of
adipose tissue arachidonic acid among subjects without the
metabolic syndrome is shown in Table 3. Increased arachi-
donic acid in adipose was correlated with female gender and
participants.

P

Yes
n ¼ 211

Mean SD

8 2271 646 0.29
3 54.2 7.9 0.94
4 13.7 2.9 0.24
1 33.4 5.9 0.69
7 11.8 2.8 0.49
38 0.82 0.39 0.29
1 7.8 2.2 0.47
6 2.5 0.7 0.76
5 12.4 3.3 0.95
15 0.44 0.16 0.35
5 10.0 3.2 0.70
5 5.6 1.6 0.51
5 5.0 1.8 0.53
03 0.03 0.03 0.89
04 0.09 0.05 0.23
13 0.47 0.13 0.71
03 0.04 0.02 0.18
06 0.07 0.06 0.19
80 1.24 0.86 0.88

130 80 0.70
1 11.0 2.8 0.04
6 1974 644 0.05
.7 5.7 12.9 0.06

54 0.46

49 1.01 0.46 0.77
67 21.6 2.76 0.59
04 2.77 0.93 o0.0001
07 6.68 2.24 0.0002
8 44.5 3.0 0.10
2 13.0 3.4 0.02
21 0.11 0.12 0.17
12 0.48 0.13 o0.0001
16 0.53 0.16 0.004
02 0.04 0.02 0.0005
05 0.18 0.06 0.002

01 2.84 0.94 0.001

total fatty acids.
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Table 3 Characteristics of study participants without the metabolic syndromea by quintiles of adipose tissue arachidonic
acid.

Quintiles of arachidonic acid in adipose tissue P for trend

1 2 3 4 5

General characteristics
Median adipose arachidonic acid� 0.27 0.34 0.39 0.46 0.56
Age, y 55 54 55 54 55 0.58
Gender, % female 13 13 13 28 33 0.0009
Area, % rural 17 13 11 4 18 0.80

Current smoker, % X 1 cig/day 23 32 43 24 28 0.85
Income, USD/mo 655 700 470 512 629 0.45
Physical activity, METS 1.55 1.56 1.49 1.36 1.54 0.59
Body mass index, kg/m2 23.1 24.0 24.2 25.7 25.7 o0.0001
Triceps skinfold, cm 13.1 13.4 15.2 19.2 19.1 o0.0001
Subscapular skinfold, cm 15.5 18.3 18.7 22.8 24.8 o0.0001

Suprascapular skinfold, cm 11.6 12.6 13.6 18.3 19.6 o0.0001

Fasting plasma lipids and blood glucose, mg/dL
Total cholesterol 192 205 198 207 197 0.48
Total triglyceride 157 170 179 195 176 0.18
HDL cholesterol 43.6 43.2 44.6 45.6 46.5 0.04
Glucose 68.9 74.6 65.5 71.2 70.6 0.92

Dietary variables, %energy
Carbohydrate 55.4 53.6 54.0 53.5 53.1 0.18
Protein 13.1 13.7 13.1 13.5 13.6 0.54
Total fat 32.6 34.2 34.0 33.5 32.6 0.92

Saturated fat 11.2 12.0 11.6 11.6 11.6 0.66
14:0 0.81 0.96 0.84 0.79 0.89 0.98
16:0 7.56 8.48 7.92 7.78 7.93 0.91
18:0 2.43 2.69 2.50 2.48 2.54 0.84

Monounsaturated fat 12.0 12.8 13.0 12.3 12.3 0.85
16:1n-9 0.43 0.49 0.45 0.47 0.47 0.53
18:1n-9 9.49 10.50 10.75 9.77 10.34 0.49

Polyunsaturated fat 5.8 5.7 5.8 5.9 5.2 0.13
18:2 n-6 5.3 5.0 5.1 5.4 4.6 0.12
18:3 n-6 0.04 0.03 0.03 0.04 0.03 0.52
20:4 n-6 0.09 0.09 0.09 0.10 0.10 0.21
18:3 n-3 0.51 0.47 0.47 0.49 0.46 0.17
20:5 n-3 0.05 0.04 0.04 0.04 0.04 0.59
22:6 n-3 0.08 0.06 0.07 0.07 0.09 0.62

Trans unsaturated fat 1.35 1.22 1.21 1.36 1.19 0.39

Fatty acids in adipose tissue
14:0 1.18 0.94 1.06 0.98 0.93 0.02
16:0 22.61 22.12 21.74 21.33 20.43 o0.0001
17:0 0.23 0.24 0.22 0.19 0.19 o0.0001
18:0 3.59 3.53 3.15 2.72 2.65 o0.0001
16:1 5.05 5.20 5.74 6.54 7.06 o0.0001
18:1 42.92 44.44 44.07 44.09 45.10 0.001
18:2 n-6 14.36 13.64 13.67 13.72 12.88 0.03
18:3 n-6 0.16 0.18 0.16 0.14 0.16 0.99
18:3 n-3 0.63 0.57 0.56 0.56 0.50 o0.0001
20:5 n-3 0.03 0.03 0.04 0.04 0.05 o0.0001
22:6 n-3 0.13 0.15 0.15 0.16 0.19 o0.0001

Total trans 3.60 3.11 3.17 3.11 2.78 0.0002

N ¼ 273.
aAccording to the Adult Treatment Panel III criteria.
�Adipose tissue fatty acids are presented as % of total fatty acids.

E.S. Williams et al.478
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all measurements of increased adiposity. Arachidonic acid
was inversely correlated with saturated fatty acids and 18-
carbon PUFAs, and positively correlated with monounsatu-
rated fatty acids and long-chain PUFAs.

Adipose tissue arachidonic acid was significantly asso-
ciated with increased risk of the metabolic syndrome as
shown in Table 4. The odds ratios became progressively
higher across quintiles of arachidonic acid, a finding largely
unaltered by adjustment for several dietary and non-dietary
potential confounders. Adjustment for linoleic acid, a
precursor to the n-6 family of PUFA, did not modify the
association between arachidonic acid and the metabolic
syndrome. Alpha-linolenic acid, which may have a positive
impact on cardiovascular health, did not modify this
association either. The results remained basically unchanged
after the adjustment of other fatty acids including trans
fatty acids and long-chain n-3 and n-6 PUFAs. Despite the
observed association between several fatty acids and
metabolic risk (Table 2), none of them except one
(palmitoleic acid) remained significant in the multivariate
model. Because of the strong association between body
mass index (BMI) and the metabolic syndrome in Table 1,
models were further adjusted for BMI. This attenuated the
association between adipose tissue arachidonic acid and the
metabolic syndrome somewhat; however, the association
remained statistically significant (Table 4, model 6).

As the ATP III definition of the metabolic syndrome
includes five distinct metabolic derangements, it is possible
that the fatty acids studied affect each component to
varying degrees, and even in varying directions. Table 5
repeats the logistic regression analysis to model each of the
five defining components of the metabolic syndrome
separately (abdominal girth, high triglycerides, low HDL
cholesterol, high blood pressure, high fasting glucose). Odds
ratios are shown for each quintile of fatty acid content in
Table 4 Odds ratios for the metabolic syndrome by quintile of

Quintiles of adipose tissue arachidonic a

1 2 3

Median adipose 0.280 0.360 0.428
arachidonic acid
Ratio, cases/controls 22/74 31/66 41/56
Age-, sex-, and 1.00 1.51 (0.78, 2.91) 2.40 (1.26,
residence-adjusted
Model 1 1.00 1.50 (0.78, 2.90) 2.44 (1.28,
Model 2 1.00 1.56 (0.80, 3.03) 2.47 (1.29,
Model 3 1.00 1.51 (0.78, 2.93) 2.36 (1.23,
Model 4 1.00 1.45 (0.74, 2.83) 2.33 (1.22,
Model 5 1.00 1.49 (0.76, 2.93) 2.36 (1.22,

Model 6 1.00 1.17 (0.58, 2.39) 1.59 (0.79,

Model 1: adjusted for smoking, physical activity, income. Further adj
folate, and use of vitamin E or multivitamins did not modify the res
Model 2 : Model 1 plus linoleic in adipose.
Model 3: Model 1 plus linolenic in adipose.
Model 4: Model 1 plus trans in adipose.
Model 5: Model 1 plus significant adipose tissue fatty acid confounde
Model 6: Model 5 plus BMI.
adipose tissue. The highest quintile of arachidonic acid
corresponded with unfavorable odds ratios for every
component of the syndrome, except low HDL cholesterol.
Odds ratios were particularly exaggerated for abdominal
girth with a 3-fold increase between the first and second
quintile and an 18-fold increase overall.
Discussion

We conducted a population-based study of the metabolic
syndrome in Costa Rica, applying the criteria established in
ATP III. We found a strong positive association between
adipose tissue arachidonic acid and the metabolic syn-
drome. The persistence of this association in multivariate
analysis after adjustment for various potentially confound-
ing variables attested that it was an independent correlate
of the syndrome. Together with results from a prior study in
this population that showed an association between adipose
tissue arachidonic acid and non-fatal myocardial infraction,
these data raise the concern that arachidonic acid may be
detrimental to metabolic and cardiovascular health.27–29

Recent studies have highlighted the association between
adipose tissue fatty acid composition and obesity.12,13 In a
study of obese Mediterraneans, central obesity was posi-
tively associated with n-6 PUFAs and inversely associated
with monounsaturated fatty acids and n-3 PUFAs in adipose
tissue.13 Consistent with results from our study, a cross-
sectional study of 88 children from Cyprus and Crete found
that BMI was more strongly associated with arachidonic acid
than with any other adipose tissue PUFA.30 Of note is the
striking association between arachidonic acid and abdominal
obesity in our study, where those in the highest level of
arachidonic acid in adipose tissue were almost 20 times
more likely to have abdominal obesity. Supporting these
arachidonic acid in adipose tissue.

cid P for trend

4 5

0.489 0.625

52/45 65/32
4.55) 3.49 (1.83, 6.66) 6.01 (3.11, 11.61) o0.0001

4.65) 3.58 (1.87, 6.87) 6.16 (3.16,11.98) o0.0001
4.73) 3.74 (1.94, 7.21) 6.12 (3.12,12.00) o0.0001
4.52) 3.43 (1.78, 6.61) 5.55 (2.82, 10.92) o0.0001
4.47) 3.38 (1.75, 6.54) 5.67 (2.88, 11.13) o0.0001
4.57) 3.49 (1.78, 6.84) 5.68 (2.84, 11.34) o0.0001

3.21) 1.93 (0.93, 3.99) 2.72 (1.28, 5.76) 0.004

ustment for intake of saturated fat, carbohydrate, alcohol, fiber,
ults.

rs.
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Table 5 Odds ratios for components of the metabolic syndrome by quintile of arachidonic acid in adipose tissue.

Quintiles of adipose tissue arachidonic acid

1 2 3 4 5

Median adipose arachidonic acid 0.280 0.360 0.428 0.489 0.625

Basic model
Adjusted for age, sex and area of residence
Abdominal obesity 1.00 4.37 (0.89,21.46) 7.59 (1.65,34.96) 16.49 (3.75,72.58) 22.86 (5.22,100.2)
High triglycerides 1.00 2.37 (1.31, 4.29) 1.91 (1.07, 3.42) 3.56 (1.89, 6.68) 3.40 (1.81, 6.38)
Low HDL cholesterol 1.00 1.37 (0.77, 2.42) 2.13 (1.18, 3.83) 1.51 (0.84, 2.70) 1.74 (0.96, 3.13)
High blood pressure 1.00 1.00 (0.53, 1.88) 1.39 (0.74, 2.62) 2.42 (1.23, 4.76) 2.63 (1.31, 5.27)
High fasting glucose 1.00 1.51 (0.78, 2.915) 2.40 (1.26, 4.55) 3.50 (1.84, 6.66) 6.01 (3.11, 11.61)

Multivariate model
Adjusted for significant confounders�

Abdominal obesity 1.00 4.41 (0.87,22.50) 6.52 (1.37,30.94) 14.07 (3.09,63.99) 19.18 (4.20,87.56)
High triglycerides 1.00 2.28 (1.23, 4.22) 1.86 (1.02, 3.42) 3.74 (1.91, 7.31) 3.47 (1.77, 6.80)
Low HDL cholesterol 1.00 1.19 (0.66, 2.16) 2.09 (1.14, 3.85) 1.51 (0.81, 2.81) 1.80 (0.96, 3.39)
High blood pressure 1.00 1.00 (0.52, 1.95) 1.27 (0.65, 2.48) 2.10 (1.01, 4.34) 2.25 (1.06, 4.78)
High fasting glucose 1.00 1.49 (0.76, 2.93) 2.36 (1.22, 4.57) 3.49 (1.78, 6.84) 5.68 (2.84, 11.34)

�This refers to Model 5 shown in Table 4 that includes age, sex and residence plus smoking, physical activity, income and significant
adipose tissue fatty acid confounders.
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observations in humans, studies in mice have shown that
arachidonic acid can promote the differentiation of clonal
preadipocytes, and it is hypothesized that the prostaglandin
I2 (prostacyclin) receptor with subsequent cyclic AMP
production and upregulation of peroxisome proliferator-
activated receptor-g (PPAR-g) plays a role in this adipogen-
esis pathway.27

A group of investigators that studied age-related changes
in the fatty acid composition of adipose tissue reported a
decrease in D-6 desaturase activity with age, which was
more marked in women than in men. Along with this change,
the relative content of arachidonic acid in adipose tissue
progressively increased with age in women but not in men in
the study.31 This is consistent with our finding that women
have significantly higher levels of adipose tissue arachidonic
acid than men. Women in our study were also more likely to
meet criteria for the metabolic syndrome than men, even
after adjustment for age and other potential confounders in
multivariate analysis (data not shown).

The adverse health outcomes associated with arachidonic
acid in our study may be specific to adipose tissue, as
phospholipid arachidonic acid in muscle has been positively
associated with insulin sensitivity.18 Other studies have
shown that arachidonic acid in platelets or plasma is lower
in patients with heart disease than in controls.28,29 There-
fore, it is possible that individual tissues (adipose, plasma,
erythrocytes) may represent different metabolic pools of
arachidonic acid and findings in one tissue may not be
generalizable.

In the present study, there were no large differences in
arachidonic acid intake between those with and without the
metabolic syndrome, as roughly assessed by the food
frequency questionnaire (FFQ). In spite of this, significant
differences were observed in arachidonic acid in adipose
tissue. This finding is consistent with a recent study showing
no correlation between dietary arachidonic acid and that in
plasma, adipose or whole blood.32 Thus, tissue differences in
arachidonic acid between subjects are most likely attribu-
table to individual differences in metabolism.

Our study has some limitations. First, to the authors’ best
knowledge, the ATP III definition of the metabolic syndrome
has not been previously validated in the Costa Rican
population, and there has been a concern that the criteria
used may not be applicable to all populations, such as
Asians, for example.33,34 However, the ATP III definition has
been used prospectively in several diverse American
cohorts, which have included Latin American subjects.35,36

Additionally, although the association of arachidonic acid
with the metabolic syndrome is suggestive, the cross-
sectional nature of this study precludes any inference of
causality. Also, though the odds ratios calculated in the
study were adjusted for potential confounders, we cannot
rule out the potential for residual confounding from other
variables either measured or unmeasured in our study. Of
note, adipose tissue arachidonic acid in our study correlates
considerably with BMI (r ¼ 0.40),9 which confounds to some
degree its association with the metabolic syndrome. The
metabolic syndrome is inexorably intertwined with obesity,
and in light of this, our statistical models were further
adjusted for BMI as a marker of obesity. Despite this,
however, the association between adipose tissue arachido-
nic acid and metabolic syndrome in our study remained
significant.

The implications of our finding associating adipose tissue
arachidonic acid with the metabolic syndrome are 2-fold.
First, a deeper understanding of the genetic and metabolic
factors that influence arachidonic acid levels in adipose is
warranted. Second, further studies on the role of increased
adipose tissue fatty acids in the pathogenesis of the
metabolic syndrome can clarify whether the increased
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content of arachidonic acid we measured in subjects with
the syndrome is a cause or a consequence of metabolic
dysregulation in the body.

Conclusion

These findings associate increased adipose tissue arachido-
nic acid with a high prevalence of the metabolic syndrome.
This association is probably not related to dietary arachi-
donic acid consumption and is likely the result of a complex
interaction of presently unknown genetic and metabolic
factors. Further studies in this regard to understand the high
prevalence of the metabolic syndrome in Costa Rica will
have a significant impact on public health in this aging
population.
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