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Correlation of fatty acid composition of adipose
tissue lipids and serum phosphatidylcholine and
serum concentrations of micronutrients with disease
duration in rheumatoid arthritis

L Jacobsson, F Lindgarde, R Manthorpe, B Akesson

Abstract
To establish the concentrations of micro-
nutrients in serum, fatty acid composition in
serum phosphatidyicholine and in adipose
tissue, and their correlation with inflammation
and disease duration in rheumatoid arthritis
(RA), 21 consecutive patients with recently
diagnosed disease (mean duration eight
months), 21 patients with longstanding disease
(mean duration 15 years), and 57 controls
were examined. In the patients with RA low
concentrations of the essential fatty acids,
linoleic acid (18:2) and linolenic (18:3) acid,
and high concentrations of total saturated
fatty acids, both in serum phosphatidylcholine
and in adipose tissue, were found, abnor-
malities that increased with disease duration.
The proportion of 18:2 in serum phosphatidyl-
choline correlated inversely with such acute
phase proteins as orosomucoid and C reactive
protein. It is proposed that the decreases in
essential fatty acids are related to increased
activity in the desaturase/elongation enzymes,
increased production of eicosanoids, or
metabolic changes secondary to cytokine
mediated inflammatory reaction.
When the micronutrients were studied it

was found that serum concentrations of
selenium were lower in patients than in
controls, but not those of ascorbic acid, a-
tocopherol, retinol, folic acid, or cobalamine.
Ascorbic acid concentrations tended to be
lower in RA, however, and correlated inversely
with those of haptoglobin, orosomucoid, and
C reactive protein, indicating a relation
between the ascorbic acid concentration and
the degree of inflammation.
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The composition of fatty acids in plasma, cell
membranes, and adipose tissue in different
chronic diseases has recently become the focus
of increasing interest. Altered patterns have
been shown in coronary heart disease,' for
example, where it seems to be an independent
risk factor for disease, in gout,2 and in such
inflammatory connective tissue diseases as

primary Sjogren's syndrome3 and juvenile
chronic arthritis.4
There are several reasons for suspecting that

fatty acid composition may be important in
rheumatoid arthritis (RA). Firstly, increased
amounts of eicosanoids are synthesised from
C20 fatty acids5; secondly, acute inflammation
induces alterations in fatty acid metabolism6;
and, finally, administration of fish oil contain-

ing eicosapentaenoic acid results in clinical
improvement.7 It has been proposed that this
last effect occurs because eicosapentaenoic acid
leads to the formation of leucotrienes that are
less inflammatory than those derived from
arachidonic acid.
The aims of our study were to ascertain

whether the proportions of essential fatty acids
and micronutrients were changed in patients
with RA, as compared with healthy subjects.
Secondly, we wanted to establish whether any
abnormalities found were early or late phenom-
ena in the disease, by comparing results from
patients who had had symptoms for less than
one year with those from patients who had had
RA for several years. Thirdly, we tried to
evaluate whether the changes in fatty acid
composition were present both in adipose tissue,
reflecting the long term status of fatty acids,> "1
and in serum phosphatidylcholine, reflecting
the short term status. Finally, we investigated
the possibility of a correlation between the
changes in fatty acid composition and micro-
nutrients and clinical and paraclinical inflam-
matory variables.

Patients and methods
PATIENTS
Group A comprised 21 consecutive patients (14
women, seven men) with recently diagnosed RA
(mean age 57 years, range 25-78) from the
rheumatology section of the department of
medicine. All patients had had symptoms for
less than one year (mean eight months, range
4-11) and fulfilled the American Rheumatism
Association criteria for definite or classical
RA.12

Group B consisted of 21 patients with definite
or classical RA of longer duration (mean 15
years, range 3-43), individually matched for sex
and age with those in group A. All except two
patients in groups A and B were receiving non-
steroidal anti-inflammatory drugs (NSAIDs)
and 24/42 were receiving remission inducing
drugs.
As a control group, 32 men and 25 women

were selected from a health survey population.
Their mean age was 57 years (range 50-70), and
they had no rheumatic symptoms when
examined.

COLLECTION OF BLOOD AND ADIPOSE TISSUE
Blood was taken from an antecubital vein for
counting of platelets and measurement of the
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following serum components: C reactive protein,
haptoglobin, orosomucoid, cobalamine, selen-
ium, retinol, a-tocopherol, ascorbic acid, and
cholesterol.

Fatty acid composition was analysed in serum
phosphatidylcholine.

Adipose tissue was sampled from the outer
quadrant of one of the buttocks using the
Vacutainer technique.'3 No local anaesthetic
was given. The tissue sample was immediately
frozen and stored in its original Vacutainer
tubes at -70°C.

ANALYSIS OF NUTRIENTS
Fatty acids
Serum lipids were extracted and phosphatidyl-
choline was isolated by thin layer chromato-
graphy.4 Fatty acid methyl esters were prepared
and separated by capillary gas chromatography
using a 25 m column coated with SP 1000 and a
temperature gradient of 200-240'C.4 Data were
expressed as percentages of major fatty acids.
Adipose tissue biopsy specimens (less than 15
mg) were treated with 2 ml of2% sulphuric acid
in methanol:toluene (1:1) at 65°C for four
hours. After the addition of 1 ml water methyl

Table I Fatty acid composition of adipose tissue in healthy controls (C) and patients with
rheumatoid arthritis ofshortt (A) and long' (B) duration. Data are expressed as means (SD)

Fatty acid* Group A Group B Group C
(n=21) (n=20)5 (n=S7)

14:0 3-84 (0-81) 3-92 (0-86) 3-64 (0 76)
16:0 22-41 (2 33) 21-67 (1-65) 21-70 (2-11)
16:1 6-53 (1-18) 7-53 (1-92) 7 25 (1-85)
18:0 3-72 (1-10) 4-00 (1-06) 3 78 (0-95)
18:1 45 79 (2 28) 45 51 (1-87) 44-86 (2-31)
18:2 (n-6) 10-52 (1-51)* 10-03 (2 40)** 12 13 (3 05)
18:3 (n-3) 0-60 (0-12) 0 56 (0-13)* 065 (0-15)
20:1 1-17 (0-32) 1-12 (0 26) 1-07 (0-28)
20:4 (n-6) 0-24 (007) 0-28 (0-10) 0-28 (0-11)
22:5 (n-3) 0-26 (0 07) 0-27 (0 09) 0-31 (0-16)
22:6 (n-3) 0 35 (0-13) 0-39 (0-18) 0-32 (0-15)

Total (n-6) 11-05 (1-47)* 10-59 (2 47)** 12-72 (3 06)
Total (n-3) 1-19 (0 26) 1-21 (0-29) 1 28 (0 35)
Total saturated 29-98 (2 92) 29-59 (2 92) 29-12 (3 07)

*p<OOS; **p<001 v healthy controls.
tShort=disease of less than one year (mean eight months); long=longstanding disease (mean 15
years).
:Fatty acids are denoted by number of carbon atoms:number of double bonds.
§One sample missing.

Table 2 Fatty acid composition of serum phosphatidylcholine in healthy controls (C)
and patients with rheumatoid arthritis of shortt (A) and longt (B) duration. Data are
expressed as means (SD)

Fatty acid* Group A Group B Group C
(n=20) (n=21) (n=57)

14:0 0-51 (0-13)*** 0-36 (0-11) 0-36 (0 09)
16:0 30 65 (1-53)** 32-39 (2-19)*** 29-34 (1-77)
16:1 0-81 (0 30)* 0-69 (0-19)*** 0-92 (0-19)
18:0 13-59 (1-12)* 13-26 (1-27)** 14-12 (1-10)
18:1 13-18 (1-83)** 12-87 (1j99)* 11-99 (1-24)
18:2 (n-6) 23-83 (2 87) 21-84 (2 23)*** 24-78 (2-44)
18:3 (n-3) 0-29 (0-10) 0-18 (0-11)*** 0-32 (0-10)
20:3 (n-6) 2-80 (0-83) 2-58 (0 47) 2-69 (0 66)
20:4 (n-6) 7-16 (0-83) 7-94 (1-55) 7-44 (1-13)
20:5 (n-3) 1-36 (0.64)* 2 05 (1-36) 1-83 (0 85)
22:5 (n-3) 0-92 (0 22)* 0-84 (0-31)** 1-06 (0-21)
22:6 (n-3) 4-91 (1-20) 499 (1-59) 5-16 (108)
18:2/20:4 3-39 (0 66) 2-89 (0-79)** 3-43 (0-77)

Total (n-6) 33-78 (2.39)* 32-36 (1-62)*** 35 06 (2-38)
Total (n-3) 7-48 (1-81) 8 07 (2-51) 8-37 (1-81)
Total saturated 44.75 (109)** 46-02 (1-54)*** 43-82 (1-31)

*p<0-05; **p<0-Ol; ***p<0-001 v healthy controls.
tShort=disease of less than one year (mean eight months); long=longstanding disease (mean 15
years).
tFatty acids are denoted by number of carbon atoms:number of double bonds.
SOne sample missing.

esters were extracted twice with 1 ml light
petroleum and analysed by capillary gas
chromatography.

Micronutrients
Selenium in serum was measured by graphite
furnace atom absorption spectrometry with
Zeeman background correction, using a Parkin-
Elmer 3030 instrument. 4 Retinol and a-
tocopherol were measured by high performance
liquid chromatography,'5 and ascorbic acid by
spectrophotometry.16 Folate in blood, and
serum concentrations of C reactive protein,
haptoglobin, orosomucoid, cobalamine, and
cholesterol were measured by standard methods
used in the department of clinical chemistry at
Malmo General Hospital.

Values for selenium in patients taking
selenium supplements (one in group A and two
in group B) were excluded from the analysis.

STATISTICAL ANALYSIS
Student's two tailed t test for unpaired samples
was used for comparing healthy controls (C)
with the two subgroups (A and B) of patients
with RA. Spearman's e was used to assess
correlation. A p value 60 05 was considered
significant.

Results
FATTY ACID COMPOSITION OF ADIPOSE TISSUE AND
SERUM PHOSPHATIDYLCHOLINE IN RA
Patients with RA of long duration and short
duration had decreased values for 18:2 and total
n-6 acids, but normal values for the n-6
metabolites 20:3 and 20:4, both in adipose
tissue (table 1) and serum phosphatidylcholine
(table 2); the abnormalities increased with
disease duration. Owing to the low values for
linoleic acid, the ratio of 18:2 to 20:4 in serum
was decreased as compared with controls, though
the difference was significant only between
controls and patients with disease of long
duration.
For the n-3 series of fatty acids differences

between groups were smaller and less consistent.
Both in adipose tissue and serum phosphatidyl-
choline the proportion of 18:3 tended to decrease
with increasing duration of disease (tables 1 and
2). Of the metabolites, the concentration of 22:5
was decreased in RA only in serum phos-
phatidylcholine (short duration RA, p<0 05;
long duration RA, p<0-01). The proportion of
the major metabolite 22:6 did not differ signifi-
cantly between any of the three groups.

In serum phosphatidylcholine, but not in
adipose tissue, and as compared with controls,
patients with RA also had increased values for
16:0 (short duration RA, p<0-01; long duration
RA, p<0001) and total saturated fatty acids
(short duration RA, p<0-01; long duration RA,
p<0001), and decreased values for 16:1 (short
duration RA, p<005; long duration RA,
p<O-00l) and 18:0 (short duration RA, p<0 05;
long duration RA, p<0.01).
These changes also became more marked as

disease duration increased. The abnormalities
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Table 3 Correlations between different serum acute phase proteins, platelet count, 18:2 in serum phosphatidvlcholine and
adipose tissue, and different micronutrients

Haptoglobin Orosomucoid CRPt Albumin Platelets

Serum phosphatidylcholine 18:2 -0-20 -0-36** -0.43** 0-37** -0-26*
Adipose tissue 18:2 -0-02 0-14 0-04 -0-12 -0-02
Serum selenium -0-33* -0-49** -0-18 0-16 -0-38**
Serum ascorbic acid -0-64*** -0-51** -0-51** 0-37** -0-31*
Serum a-tocopherol -0-17 0.22* 001 -0-02 0-18
Serum retinol -0-32* -0-13 -0-36** 0-24* -0-16

*p<O-O5; **p<0-Ol; ***p<0-00l.
tCRP=C reactive protein.

Table 4 Correlation coefftcients (Speartnan) and levels of
significance between 18:2 in serum phosphatidylkholine
and adipose tissue in controls and in subjects with
rheumatoid arthritis (RA) of short and long duration

Correlation p Value
coeffcient

Controls 0 50 <0 001
RA (short) 043 0-015
RA (long) 0-02 0-23

Table 5 Serum concentrations ofdifferent vitamins and selenium and bloodfolate in healthy
controls and patients with rheumatoid arthritis of short and long duration. Values are
expressed as means (SD)

Micronuients Controls Rheumatoid arthritis
(n=57)

Short Long
(n=20)5 (n=21)

Selenium (jmmol/1) 1 08 (0-17) 0-98 (0-19)*t 0-% (0-21)"t
Retinol (pmol/l) 2-7 (0 5) 2-8 (0 7) 2-5 (0-9)
a-Tocopherol (pmol/l) 32-4 (7 9) 31-5 (8 7) 30-0 (9-3)
Ascorbic acid (smol/l) 43 (25) 31 (17) 31(22)
Cholesterol (mmol/1) 5 9 (1 O)t 5-5 (1-2)* 5-3 (1j1)**
a-Tocopherol/cholesterol (tmol/mmol) 5-6 (1-4)t 5-9 (1-6) 5-8 (1-6)
Cobalamine (pmol/l) 270 (142)t 239 (97) 331 (161)
Blood folate (nmol/1) 277 (82)t 332 (132) 352 (241)

*p<0 05; **p<0 01 v controls.
tn=55.
tn=19.
SOne sample missing.

Table 6 Fatty acid composition of adipose tissue in healthy controls and patients with
rheumatoid arthitis, by sexes. Data are expressed as means (SD)

Fatty acidt Controls (n=57) Rheumatoid arthritis (n=28)

Men Women Men Women
(n=32) (n=25) (n= 13) (n=28)

14:0 3-73 (0-79) 3-52 (0-72) 4*04 (0-82) 3-80 (0-83)
14:1 0-52 (0-21) 0-58 (0-19) 0-52 (0-15) 0 50 (0-16)
16:0 22-82 (1-67)*** 20-28 (1-75) 22-23 (2-22)** 21-50 (1-73)
16:1 6-62 (1-80)** 8 05 (1P60) 6-53 (1-63) 7-24 (1-63)
18:0 4 03 (1-03)* 3-46 (0-75) 4-01 (0 98) 3-79 (1-13)
18:1 44-32 (2 25) 45 56 (2-23) 45 02 (2 07) 45 95 (2 04)
18:2 (n-6) 11-67 (2-17) 12-73 (3-86) 10-00 (2-39) 10-41 (1-80)
18:3 (n-3) 0-67 (0-14) 0-63 (0-16) 0-56 (0-17) 0-59 (0-11)
20:1 1*11 (0-29) 1*02 (0-26) 1*10 (0 28) 1*17 (0 29)
20:4 (n-6) 0-28 (0 11) 0-27 (0-12) 0-22 (0 05) 0-28 (0 09)
22:5 (n-3) 0-34 (0-18) 0-28 (0-14) 0 24 (0-05) 0-27 (0 09)
22:6 (n-3) 0-32 (0-17) 0 31 (0 13) 0-42 (0-13) 0-34 (0-16)

Total (n-6) 12-26 (2-19) 13-25 (3 80) 10-49 (2A40) 10-98 (1-83)
Total (n-3) 1-32 (0 39) 1-22 (0 29) 1-19 (0 30) 1-21 (0 27)
Total saturated 30 57 (2-72)*** 27-26 (2-44) 31-28 (2-69)* 29-10 (2-76)

*p<O-05; **p<O-01; ***p<0-001 v women.
tFatty acids are denoted by number of carbon atoms: number of double bonds.

in fatty acid composition were present both in
male and female patients. No differences in
fatty acid composition were observed between
patients with more marked clinical symptoms
(morning stiffness >2 hours or Ritchie index
>8, or both (n= 15)) and those with less active
disease. Among patients with RA, however,
there were significant negative correlations
between 18:2 in serum phosphatidylcholine and
such acute phase proteins as orosomucoid

(r=-0-36, p=0008) and C reactive protein
(r=-0-43, p=0002) (table 3). No such corre-
lations were observed, however, between acute
phase proteins and 18:2 in adipose tissue; this is
in accord with the decrease in correlation
between 18:2 in serum phosphatidylcholine and
adipose tissue with increasing disease duration,
the correlation coefficient varying from 0 50
(p<0c001) in controls to 0-43 (p=0-015) in RA
of short duration and to 0-02 (p=023) in RA of
long duration (table 4).

MICRONUTRIENTS
Of the micronutrients analysed (table 5), low
serum concentrations were observed in the
arthritis group for selenium, but normal values
for blood folate, and serum concentrations of
retinol, a-tocopherol, ascorbic acid, and cob-
alamine, though ascorbic acid concentrations
tended to be lower in patients. The a-tocopherol/
cholesterol ratio in serum did not differ signifi-
cantly between controls, and either newly
diagnosed or longstanding RA (table 5).

Despite the absence of significantly decreased
serum values of micronutrients other than
selenium in the subjects with RA, there were
some correlations between selenium, ascorbic
acid and retinol, and acute phase reactants.
Ascorbic acid in particular correlated inversely
with haptoglobin (r=-0 64, p<0001), oro-
somucoid (r=-051, p=0002), and C reactive
protein (r=-0-51, p=0002) (table 3).

FATTY ACID COMPOSITION OF ADIPOSE TISSUE IN
MEN AND WOMEN
Both in controls and patients the proportion of
total saturated fatty acids in adipose tissue,
particularly that of 16:0, was higher among men
than among women (p<0001) (table 6).
Women instead had somewhat higher values for
mono-unsaturated and di-unsaturated fatty
acids such as 16:1 (p<0 01), 18:1, and 18:2.
The differences according to sex were about the
same both in controls and patients. For poly-
unsaturated fatty acids with more than two
double bonds values were essentially the same
for men and women. In serum phosphatidyl-
choline there were no differences dependent on
sex in the concentrations either of saturated or
unsaturated fatty acids.
The slight differences according to sex for

18:2 indicate that the decrease of this essential
fatty acid found among patients is even larger if
correction is made for group differences in sex
distribution, as the proportion of women was
higher in the patient groups (A and B).
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Discussion
In the patients with arthritis we found similar
alterations both in serum phosphatidylcholine
and adipose tissue, with low values for 18:2,
18:3, and total n-6 fatty acids, and no compen-
satory increase in other polyunsaturated fatty
acids, but a comparative increase in saturated
fatty acids. Similar disturbances in the n-6
series of fatty acids in RA have previously been
found in serum phospholipids'7 and in serum
free fatty acids,'8 though the composition of
fatty acids in adipose tissue was not measured in
either of these studies.

Possibly, the low proportions of 18:2 and
18:3 in serum phosphatidylcholine and adipose
tissue among patients with RA are to be
explained by a lower intake of these fatty acids,
though this notion derives no support from the
findings of any of the few available studies of
adult and juvenile patients. 9 21 Moreover, in
view of the fact that the abnormalities increased
with disease duration and correlated partly with
the acute phase protein response it is reasonable
to assume that they are related to the degree of
inflammation and not to dietary habits.
A second possible mechanism responsible for

the changes in fatty acid composition might be
an increase or imbalance in the synthesis of
eicosanoids from 20-22 carbon fatty acids.5
Were this the case, however, low values would
be expected for the 20-22 carbon fatty acids and
we obtained no such low values. That no low
values were found for prostaglandin precursors
is perhaps to be explained by the fact that
practically all our patients were receiving
NSAIDS, as intake of these drugs has been
reported to normalise low plasma values of
unesterified 20:4 in patients with RA.2'

Possibly also, the low 18:2/20:4 ratio in RA
may be explained by an increase in fatty acid
desaturation/elongation. One possible mediator
of such an effect is insulin, which stimulates
desaturation22 and has been found at high
concentrations in patients with RA.23 Data on
the enzyme activities occurring in fatty acid
interconversion are needed for an evaluation of
this hypothesis.

It is noteworthy that the correlation between
18:2 in serum phosphatidylcholine and in
adipose tissue was poorer in patients, especially
in those with long disease duration, than in
controls. In addition, only 18:2 in serum
phosphatidylcholine correlated with biochemical
indicators of disease activity (table 3). This
correlation might simply be due to the greater
similarity in turnover cycles of serum phos-
phatidylcholine 18:2 (weeks) and acute phase
reactants (days-weeks), as compared with
adipose tissue 18:2 (years). The possibility that
different mechanisms are responsible for the
abnormalities in serum phosphatidylcholine
18:2 and adipose tissue 18:2 cannot be ruled
out, however.

It is tempting to speculate that the decrease in
serum phosphatidylcholine 18:2 constitutes part
of the inflammatory response, mediated by
cytokines, the concentrations of which are
known to be increased in patients with RA.24 25
Interleukin 1 is known to stimulate the acute
phase protein response, and tumour necrosis

factor/cachectin has several effects on fatty acid
metabolism, such as decrease in the activity of
lipoprotein lipase and inhibition of fatty acid
synthesis.26 In addition, cytokines and eicosa-
noids are known to effect each other's liberation
in several systems,27 which opens up even more
possibilities of interactions which may exert an
effect on the fatty acid composition in patients
with RA. The possible effects of cytokines on
fatty acid composition in different tissues need
further investigation, however, before any more
definite conclusions can be drawn as to their
participation.
Another area of speculation is whether the

changes observed in fatty acid composition may
affect the immune system, and, if so, how.
Many experimental studies have shown that
intake of fat rich in linoleic acid markedly
affects different aspects ofimmune function.27-29
Potentially beneficial effects have been observed
in both essential fatty acid deficiency and
surplus.27 In these studies the intake of fatty
acids has often been extreme, and at present it is
impossible to evaluate the effects on immune
functions of the fairly modest differences in
tissue fatty acid composition noted both by us
and others.'7 18 This is a field of inquiry also
worthy of further study-for instance, in
humans given commercially available lipid sup-
plements with varying fatty acid composition.
A low value for 18:2 also seems to be an

independent risk factor for coronary heart
disease,l and as mortality due to coronary heart
disease may be higher among patients with
RA,3 31 the common denominator might well
be a low concentration of 18:2.
Serum selenium concentrations have earlier

been found to be low in patients with RA, both
in adults32 33 and in juveniles,34 though whether
the decrease is related to nutritional changes or
inflammatory activity remains unclear. The
main decrease occurs in a selenoprotein with an
apparent molecular weight of 175 kD.'4

For the micronutrients in patients with RA
others have found low values for ascorbic acid"
and retinol,36 and low or normal values for a-
tocopherol, folic acid, and cobalamine.37 38 The
reason for these changes might well be in-
adequate dietary intake, though for the low
ascorbic acid values both increased destruction
by oxygen radicals from activated phagocytes39
and increased urinary excretion due to
NSAIDs4O have been proposed as explanations.
We found no significant decrease in the serum
concentration of these micronutrients, though
there was a non-significant tendency toward
lower values for retinol and ascorbic acid among
patients, a tendency which might have been
significant in the case of ascorbic acid had the
series been larger. The lower values for ascorbic
acid, and the fact that its concentration corre-
lated with those of the acute phase proteins,
support the hypothesis that a correlation exists
between the ascorbic acid concentration and the
degree of inflammation.
The findings that women had higher values

for mono-unsaturated fatty acids, and men
higher values for saturated fatty acids in adipose
tissue but not in serum phosphatidylcholine, are
in accord with those of earlier investigations.8
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Whether these sex differences reflect differ-
ences in dietary habits or differences in fatty
acid metabolism is unknown. No significant sex

differences were found for 18:2 and 18:3, or the
longer chain fatty acids.
To sum up, we found that in patients with

RA values for the essential fatty acids and
selenium decreased with increased disease dura-
tion. At least for 18:2 in serum phosphatidyl-
choline the decrease seems to be related to the
degree of inflammation, perhaps due to increased
activity in the desaturase/elongation enzymes or

to increased synthesis of eicosanoids.
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