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Abstract

Objectives.—The study aims to compare the omega-6 (n−6) and omega-3 (n−3) highly 

unsaturated fatty acids (HUFA), and trans fatty acid (trans FA) status of Complex Regional Pain 

Syndrome (CRPS) patients to pain-free controls.

Design.—Case control study.

Setting.—The setting was at a multidisciplinary rehabilitation center.

Patients.—Twenty patients that met the Budapest research diagnostic criteria for CRPS and 15 

pain-free control subjects were included in this study.

Outcome Measures.—Fasting plasma fatty acids were collected from all participants. In CRPS 

patients, pain was assessed using the McGill Pain Questionnaire—Short Form.In addition, results 

from the perceived disability (Pain Disability Index), pain-related anxiety (Pain Anxiety Symptom 

Scale Short Form), depression (Center for Epidemiologic Studies Depression Scale Short Form), 

and quality of life (Short Form-36 [SF-36]) were evaluated.

Results.—Compared with controls, CRPS patients demonstrated elevated concentrations of 

n−6 HUFA and trans FA. No differences in n−3 HUFA concentrations were observed. Plasma 

concentrations of the n−6 HUFA docosatetraenoic acid were inversely correlated with the 

“vitality” section of the SF-36. Trans FA concentrations positively correlated with pain-related 

disability and anxiety.
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Conclusion.—These pilot data suggest that elevated n−6 HUFA and trans FA may play a role in 

CRPS pathogenesis. These findings should be replicated, and more research is needed to explore 

the clinical significance of low n−6 and trans FA diets with or without concurrent n−3 HUFA 

supplementation, for the management of CRPS.
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Introduction

Complex Regional Pain Syndrome (CRPS) is a disabling neurological disorder that follows 

injury to peripheral nerves or their soft tissue innervations [1]. The most prominent 

feature of CRPS is refractory persistent pain, usually in a distal limb. Pain is typically 

accompanied by vasomotor and sudomotor changes, edema, trophic changes, and impaired 

motor function [1]. While the underlying biologic mechanisms are not fully known, 

accumulating evidence suggests that sustained immune activation may participate in the 

development and perpetuation of CRPS [2–4]. Further evidence indicates that CRPS is 

characterized by major changes in the structure and function of the central nervous system 

[5,6]. These derangements may distort pain processing in a manner that is manifest as 

chronic hyperalgesia and allodynia [5,6]. Despite advances in our understanding of CRPS 

pathophysiology, patients often do not obtain satisfactory or lasting relief from conventional 

therapies, which rely heavily on pharmacologic agents. The interdisciplinary standard of 

care is often unavailable to patients for a variety of reasons, prominently funding or access 

[7]. Thus, lack of effective or accessible treatment options makes CRPS a challenging 

condition for patients and clinicians; novel prevention and treatment strategies are urgently 

needed.

Recently, dietary and supplemental fatty acids have received considerable attention as 

risk modifiers for a wide range of chronic medical conditions, including immune [8] and 

neuropsychiatric disorders [9,10]. Because these bioactive acids influence several of the 

putative mechanisms involved in pain processing, dietary choices may play a role in CRPS 

prevention and management.

Omega-6 and Omega-3 Fatty Acids and Pain Processing

Omega-6 (n−6) and omega-3 (n−3) 20− and 22− carbon highly unsaturated fatty acids 

(HUFA) with three or more double bonds are fundamental structural components of 

neuronal, glial, myelin, and immune cell membrane phospholipids [11,12]. Here, they 

influence a host of biochemical processes that are involved in chronic pain, including: 

1) ion channel activity and neuronal membrane excitability [13,14]; 2) monoamine 

neurotransmission [15], and 3) immune/inflammatory responses [12].

Because humans lack the enzymatic machinery to synthesize n−6 or n−3 acids de novo, 

the n−6 and n−3 HUFA composition of blood and tissue membranes are largely determined 

by dietary supplies of n−6 and n−3 HUFA and their respective 18-carbon n−6 and n−3 

precursors [16]. The n−6 and n−3 HUFA have different, and sometimes opposite, impacts 
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on key biochemical processes involved in pain processing. In general, n−6 HUFA and their 

oxidized metabolites promote [17,18], and n−3 HUFA antagonize (or minimally influence) 

[19,20], metabolic processes that facilitate hyperalgesia. Thus, n−6 and n−3 fatty acids may 

play conflicting roles in the development or maintenance of CRPS and other pathological 

pain states.

Previous reports have indicated that supplemental doses of the two principle n−3 HUFA 

eicosapentaenoic acid (EPA; 20:5 n−3) and docosahexaenoic acid (DHA; 22:6 n−3), have 

moderate analgesic or nonsteroidal anti-inflammatory drug (NSAID)-sparing effects in 

inflammatory arthritis [8], dysmenorrhea [21], and chronic musculoskeletal pain [22,23]. 

Beneficial effects of n−3 HUFA were generally attributed to competition with the n−6 

HUFA arachidonic acid (AA; 20:4 n−6), and ensuing reduction of hyperalgesic AA-derived 

eicosanoids. However, n−6 and n−3 HUFA are pleiotropic molecules that may also influence 

pain signaling by modulating the functions of synaptic and axonal ion channels [13], serving 

as substrates for mediators actively involved in inflammatory resolution [24], and by acting 

as potent ligands for nuclear receptors that modulate gene expression [25].

Trans Fatty Acids

Like n−6 and n−3 HUFA, trans fatty acids (trans FA) produced by industrial hydrogenation 

[26], deodorization [27], and/or frying [28] of vegetable oils, can alter nervous tissue and 

immune tissue structure and function. For example, moderate quantities of dietary trans 
FA increased nervous tissue accretion of n−6 HUFA [29], and altered brain monoamine 

neurotransmitter concentrations in rats [29] and pigs [30]. In humans, trans FA intake is 

associated with elevated circulating pro-inflammatory cytokines [31], which have previously 

been implicated in peripheral and central pain sensitization [32,33]. Thus, plausible biologic 

mechanisms exist whereby trans FA may alter the development and maintenance of 

pathological pain, as well as common pain-related comorbidities such as depression [34], 

anxiety [35], and catastrophizing [36]. To our knowledge, however, the relationship between 

trans FA and chronic pain has not been previously investigated.

Because n−6, n−3 HUFA, and trans FA are readily modifiable through dietary changes, and 

high n−6 and trans FA, and/or low n−3 HUFA may be risk factors for the development 

of chronic pain, a more thorough understanding of the roles of dietary fatty acids in 

chronic pain may lead to new treatments for these conditions. The demonstration of baseline 

differences in the n−6 HUFA, n−3 HUFA, and/or trans FA status between chronic pain 

patients and controls may have important implications for future therapeutic intervention 

trials.

Objectives

The major objective of this pilot study was to investigate the potential relationships between 

plasma concentrations of n−6 HUFA, n−3 HUFA, and trans FA and persistent pain, with 

CRPS selected as a paradigm of chronic pain. Our principal hypothesis was that, compared 

with those without pain, CRPS patients would have lower concentrations of fatty acids with 

purported analgesic properties (n−3 HUFA), and higher concentrations of fatty acids with 

possible hyperalgesic properties (n−6 HUFA and trans FA). A secondary hypothesis was that 
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n−6 HUFA and trans FA would be positively correlated, and n−3 HUFA would be inversely 

correlated, with self-reported measures of pain severity, disability, anxiety and depressive 

symptoms in CRPS patients.

Materials and Methods

Patients and Controls

Patients with chronic CRPS were recruited from an outpatient chronic pain center, inpatient 

hospital, and other outpatient clinics affiliated with an urban academic rehabilitation 

hospital. Individuals at least 18 years of age who satisfied the Budapest research diagnostic 

criteria for CRPS [1] were invited to participate in the study. Controls were recruited 

via advertising in the same outpatient and inpatient settings. Individuals at least 18 years 

of age without active pain were invited to participate in the study. Pregnant women and 

those regularly consuming fatty acid supplements were excluded from both groups. The 

Institutional Review Board approved the study protocol, and all subjects provided written 

consent prior to the study.

Assessments

Potential participants were evaluated during a single morning visit that included a review 

of eligibility and exclusion criteria. CRPS patients who met the eligibility criteria were 

enrolled in the study, underwent a focused history and physical exam, provided a fasting 

blood sample, and completed a self-report measures questionnaire battery that included: the 

McGill Pain Questionnaire Short Form (MPQ-SF) [37], the Pain Disability Index (PDI) [38], 

the Pain Anxiety Symptom Scale Short Form (PASS-20) [39], the Center for Epidemiologic 

Studies Depression Scale Short Form (CESD-10) [40], and the Short Form-36 Health Survey 

(SF-36) [41]. Control subjects completed a visual analog scale (VAS) to confirm lack of 

pain, which was defined as <5 mm on the 100-mm scale. Those who met all eligibility 

criteria provided a fasting blood sample. All study visits took place in the outpatient clinics.

Blood Collection and Analytic Methods

Fasting whole blood samples were collected into lavender-top EDTA glass tubes. Samples 

were centrifuged immediately, and plasma was pipetted into a transfer tube and stored in 

a −70°C freezer until ready for analysis. Plasma fatty acids were determined using gas 

chromatography-mass spectrometry GC/MS in SIM mode (Metametrix Clinical Laboratory). 

Total fatty acids were esterified using direct transesterification with an acetyl chloride 

methanol : iso-octane mixture. The fatty acid methyl esters (FAME) were then separated 

by GC using an HP-23 Cis/Trans FAME capillary column. The sample fatty acids were 

identified and quantified against a standard mixture of known fatty acids using an HP 

5793 MS [42]. Plasma fatty acid measurements were reported in micromolar (umol/L) 

concentrations, and also were converted to percent of total fatty acids by weight (%TFA) for 

quantitative and qualitative analysis, respectively.

Data Analysis

Individual fatty acids of interest were measured. These included the n−3 HUFA EPA 

(20:5n−3), docosapentaenoic acid (DPA; 22:5n−3), and DHA (22:6n−3), and the n−6 HUFA 
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dihomo-gamma-linolenic acid (DGLA; 20:3n−6), AA (20:4n−6), and docosatetraenoic acid 

(DTA; 22:4n−6), as well as total 18-carbon trans FA. Ratios and percentages of interest were 

also calculated. These included the ratio of n−6 AA divided by n−3 EPA, and the percentage 

of n−6 HUFA in total HUFA (%n6 in HUFA). HUFAs were considered to be fatty acids 

if they were at least 20 carbons in length with three or more double bonds. The equation 

for calculation of %n6 in HUFA was: (20:3n−6 + 20:4n−6 + 22:4n−6)/(20:5n−3 + 22:5n−3 

+ 22:6n−3 + 20:3n−6 + 20:4n−6 + 22:4n−6) × 100. Because of our small sample size and 

the non-normal distributions for some fatty acid data, we used the Wilcoxon rank sum test, 

a test of medians, to compare the individual fatty acids by case status (CRPS vs control). 

Spearman’s rank correlation coefficients were used to examine the associations of the 

individual fatty acids with scores obtained via self-reported outcome measures (MPQ-SF, 

PDI, PASS-20, CES-D-10, SF-36). A student’s t-test was used to examine the comparability 

of demographic data for the two groups. All significance levels were set at .05 with no 

correction for multiple comparisons. All statistics were completed with Stata statistical 

software, release 11 (College Station, TX, USA).

Results

Demographics

Thirty-five participants, 20 with CRPS and 15 controls were enrolled in the study (Table 1). 

Of those with CRPS, 80% were female. Their ages ranged from 23 to 65 with an average 

age of 44 (standard deviation [SD] = 13). The duration of CRPS ranged from 7 to 479, with 

an average of 96 months (SD = 113). Eighty-seven percent of controls were female. Their 

ages ranged from 24 to 67, with an average age of 36 (SD = 13) (Table 1). There were no 

significant differences in gender, age, or ethnicity between groups (all P’s > 0.05).

Comparison of Fatty Acid Data by Group

The median concentration of total n−6 HUFA was significantly higher in CRPS patients than 

controls (698.2 vs 602.5 umol/L; P < 0.01, Table 2). Median concentrations of individual 

n−6 HUFA were also higher in CRPS patients than controls, as follows: DGLA (157.5 vs 

107.0, P < 0.01); AA (536.8 vs 478.7, P = 0.10); DTA (26.6 vs 19.7, P < 0.01). There were 

no significant differences in median concentrations of total n−3 HUFA, EPA, DPA, or DHA 

between CRPS patients and controls (all P’s > 0.05).

The median concentration of total 18-carbon trans FA was also significantly higher in CRPS 

patients vs controls (67.8 vs 48.5; P < 0.01). The median total fatty acid concentration was 

significantly higher in CRPS patients than controls (11262.3 vs 9335.9; P ≤ 0.01). Plasma 

triglyceride concentrations were not measured directly, but all four major components of 

triglycerides (saturated fatty acids, 4554.3 vs 3707.3, P < 0.01; monounsaturated fatty 

acids, 2781.3 vs 1860.8, P < 0.01; n−6 linoleic acid, 2038.5 vs 1739.1, P = 0.07; and n−3 

alpha-linolenic acid, 54.4 vs 35.1, P = 0.01), were higher in CRPS patients than controls 

(Table 2, and Appendix 1). When fatty acids were expressed qualitatively as a %TFA (Table 

3), median concentrations of total n−3 HUFA were significantly lower in CRPS patients vs 

controls (3.55 vs 4.42; P = 0.03). There were no statistically significant differences in n−6 

HUFA or trans FA between patients and controls (all P’s > 0.05).
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Ratios and Percentages of Interest

The mean %n−6 in HUFA was 72.2% in the CRPS patients vs 69.2% in controls (P = 0.11, 

Table 3). No significant differences were seen for AA to EPA ratios (16.4 vs 14.7, P = 0.42).

Relationships among Fatty Acids and Outcome Data in CRPS Patients

On Spearman correlation analysis, CRPS subjects with higher n−6 DTA tended to have 

lower vitality scores on the SF-36 (r = −0.50, P = 0.03). There were no other significant 

correlations between other n−6 HUFA, n−3 HUFA, or total HUFA and measures of pain 

severity, depressive symptoms, anxiety, or general health (all P’s > 0.05). CRPS subjects 

with higher total 18-carbon trans FA tended to have higher pain-related anxiety (PASS-20; r 
= 0.56; P = 0.03) and pain-related disability (PDI; r = 0.63; P = 0.02). No other significant 

correlations between trans FA and the other measures were present (all P’s > 0.05).

Discussion

This study showed that plasma concentrations of both n−6 HUFA and trans FA are 

significantly higher in CRPS patients than in pain-free controls (Table 2). To our knowledge, 

this is the first demonstration of elevated n−6 HUFA or trans FA in CRPS. Contrary to our 

expectations, elevated n−6 HUFA concentrations in CRPS patients were not accompanied by 

predicted deficits in n−3 HUFA concentrations.

Median plasma concentrations of total n−6 HUFA, DGLA, and DTA, were significantly 

higher in CRPS patients than controls (Table 2). Median n−6 AA concentrations were also 

higher in CRPS patients, but the difference did not reach statistical significance (P = 0.10). 

Interestingly, the maximum value observed for AA in the 15 control participants was <550 

umol/L, while 9 of 20 CRPS patients (45%) had AA concentrations above 550 umol/L.

Several plausible biologic mechanisms exist whereby the overabundance of n−6 HUFA 

observed in our study could predispose to both hyperalgesia and common pain-related 

psychological comorbidities. First, n−6 AA is the precursor to 2-series prostanoids, 4-

series leukotrienes, and other potent mediators of pain and inflammation [17,18]. As part 

of the inflammatory milieu produced by activated immune cells and glial cells, these 

AA-derived eicosanoids amplify and perpetuate the inflammatory response by recruiting 

and activating other immune cells [43], sensitizing nerve endings, and lowering pain 

thresholds [17,18]. Recently, peripheral AA-derived prostanoids have been shown to 

relay inflammatory signals and to induce long-term synaptic plasticity throughout the 

neural axis [44–46]. Hyperalgesia in response to peripheral inflammation is in part 

dependent upon supraspinal AA signaling [47,48]. Second, as a major component of 

excitable membranes, AA modulates virtually all known ion channels, blocking some 

and activating others [13,49]. Animal evidence suggests that AA interacts with and 

augments glutamate-induced N-methyl-D-aspartate receptor activation [50], a key metabolic 

component of central sensitization [51]. Moreover, researchers have uncovered biochemical 

cross-talk between glutamate-induced excitotoxicity and neuroinflammation involving AA 

signaling [52]. Finally, accumulating evidence indicates that HUFA influence monoamine 

neurotransmission [15], perhaps via altering membrane function and scaffolding for 
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monoamine neurotransmitter receptors or transporters [53–55]. Indeed, high blood and 

tissue levels of n−6 HUFA, high n−6 HUFA to n−3 HUFA ratios, and elevated n−6 

AA metabolism have been linked to major depressive disorder [56], refractory depression 

[57], and neuroticism [58], three conditions characterized by dysfunctional monoaminergic 

neurotransmission [59]. Thus, three neurobiological derangements observed in central pain 

sensitization (neuronal hyperexcitability, dysfunctional monoamine neurotransmission, and 

neuroinflammation) converge at the level of supraspinal AA metabolism.

The presence of higher n−6 DTA in CRPS patients than controls may also have important 

implications. Like AA, DTA is enriched in peripheral and central neural tissues, and is the 

third most plentiful polyunsaturated fat in the brain (after AA and DHA) [11,60]. DTA 

is especially abundant in myelin lipids [11], which have recently been implicated in the 

perpetuation of pathological pain [32]. Like AA, which is converted to eicosanoids, DTA 

can be converted to hormone-like mediators known as dihomoeicosanoids, with unknown 

metabolic roles [61]. Additionally, DTA can be swiftly retro-converted back to AA (far 

more efficiently than corresponding n−3 fatty acids) [62]. In this respect, DTA may serve 

as a reservoir to maintain high tissue AA levels, even in the context of elevated AA 

metabolism. High DTA concentrations may also be an indirect indicator of DHA deficiency 

[63]. Indeed, with n−3 deficiency, human tissues increase conversion of AA (20:4n−6) to 

DTA (22:4n−6) and n−6 DPA (22:5n−6), which partially replace the more elastic DHA 

(22:6n−3) in synaptic phospholipids [64]. We did not measure n−6 DPA; elevated levels 

would support a possible role for tissue DHA deficiency, and should be examined in future 

studies. Given the many plausible mechanisms in which overabundance of n−6 HUFA could 

predispose to pain, it is not clear why neither total n−6 HUFA, DGLA, AA, nor DTA were 

significantly associated with pain characteristics or pain intensity.

Contrary to our expectations, plasma concentrations of EPA, DHA, and total n−3 HUFA 

were not different in CRPS patients and controls. This was somewhat surprising considering 

previous reports of moderate analgesic and/or NSAID-sparing effects of n−3 HUFA 

supplements [8,21–23] and a wide array of potentially beneficial mechanisms of action 

of n−3 HUFA [24,25,65]. Although there were no differences in median n−3 HUFA plasma 

concentrations, CRPS patients had significantly lower n−3 HUFA than control subjects 

when expressed as %TFA. However, this finding appears to be skewed by the presence of 

elevated triglycerides in the CRPS group, as discussed next.

Beneficial effects of n−3 HUFA supplements are often attributed to partial substitution of 

n−3 HUFA for n−6 AA, and ensuing reduction of AA-derived eicosanoids with hyperalgesic 

properties [17,18]. However, the addition of even very high doses of n−3 HUFA has a 

limited effect on reducing tissue concentrations of n−6 AA when its precursor, linoleic 

acid (18:2 n−6), is consumed at the very high levels that are uniformly present in modern 

Western diets [66]. For example, Canadian women receiving 4.0 g per day of supplemental 

n−3 HUFA exhibited profound increases in tissue concentrations of EPA and DHA, 

but only slightly reduced AA concentrations by 16% [67]. After 4 weeks of high-dose 

supplementation, AA concentrations remained 62% higher than a nearby Canadian Inuit 

population consuming a high n−3 and low n−6 diet. Hence, low dietary n−6 fatty acids may 
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be required for major reductions of AA and other n−6 HUFA, and to maximize analgesic 

benefits of adding n−3 HUFA.

%n−6 in HUFA as a Biomarker of n−6 and n−3 HUFA status

The biomarkers of %n−6 in HUFA and the closely related %n−3 in HUFA were designed 

by Lands et al. [16] to provide a broad assessment of HUFA status by expressing n−6 or 

n−3 HUFA as a percentage of total HUFA. By emphasizing the competitive interactions 

of n−3 and n−6 HUFA, these biomarkers provide a snapshot of HUFA status of various 

tissues where they have critical physiological consequences. In a recent study, the %n−6 in 
HUFA measured in whole blood correlated closely with liver, heart, and brain HUFA status 

in autopsied rats and pigs [67]. If this relationship holds true for humans, %n−6 in HUFA 
(measured in blood or plasma) may be a useful indicator of the n−6 and n−3 HUFA status of 

tissues involved in pain processing.

The mean %n−6 in HUFA in tissue phospholipids are known to vary widely, from less 

than 25% to more than 85%, in worldwide populations consuming dissimilar diets [16,68]. 

Comparison of mean population values for %n−6 in HUFA in rural Japan (34%), urban 

Japan (47%), with Japanese Americans (70%) [69] indicate that environment (presumably 

diet), rather than genetics, is the major determinant of HUFA status. We found only a 

nonsignificant trend toward a higher %n−6 in HUFA in CRPS patients compared with 

pain-free controls (72.2% vs 69.1%; P = 0.11, Table 4). However, %n−6 in HUFA was 

very high in both groups, when judged by global and historical standards, as was expected 

in this population consuming a modern American, high n−6 plus low n−3 diet [68]. The 

finding of high %n−6 in HUFA in both groups leads us to speculate that individuals 

consuming a typical American diet, including individuals who are currently pain-free, may 

be metabolically predisposed to develop chronic pain after a sufficient triggering stimulus.

Trans FA

Eighteen-carbon trans FA (primarily elaidic acid) were significantly higher in CRPS patients 

than controls. Like n−6 HUFA, several plausible biologic mechanisms exist whereby trans 
FA could promote both hyperalgesia and exacerbate common pain-related psychological 

comorbidities. First, trans FA consumption is associated with elevated activity of pro-

inflammatory cytokines [31], which are capable of inducing hyperalgesia and anhedonia 

[33,70,71], and have previously been linked to CRPS [2,3]. Moreover, dietary trans FA 

have been shown to disturb the release of monoamine neurotransmitters in the brains of 

rats [29] and pigs [30]. Resulting dysfunctional neurotransmission would be expected to 

reduce the activities of descending tracts that provide inhibitory input at the level of the 

dorsal horn, and therefore to exacerbate pain. Dysfunctional neurotransmission might also 

be expected to facilitate pain-related depression and anxiety [72,73]. Thus, our findings of 

positive correlations between trans FA and pain-related anxiety (PASS-20) and disability 

(PDI), warrant further investigation. Interestingly, trans FA are known to elevate blood 

triglycerides (TG) [74]. Thus, high dietary trans FA intake may be partly responsible for the 

apparent presence of elevated TG in our CRPS patients.
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Elevated Triglycerides in CRPS

Recently, hypertriglyceridemia (HTG) has been reported in fibromyalgia [75], which like 

CRPS, is an idiopathic pain condition characterized by central sensitization. Although we 

did not directly measure plasma TG, our CRPS patients had higher concentrations of total 

fatty acids and all four major components of TG than control participants (Table 2; see 

also Table 5). The apparent elevation of TG has important implications for interpretation 

of our results. HUFA account for only for 1% to 5% of total acids in TG vs 18% to 

25% in phospholipids (PL) [16,76]. Hence, the apparent TG elevations in our CRPS group 

are expected to have only a minor impact on plasma HUFA concentrations, which are 

determined primarily by PL. However, the increased plasma concentrations of the many 

non-HUFA acids that are present in high quantities in TG (see Table 5) will reduce the 

values of HUFA when expressed qualitatively as %TFA. This appears to be the case with 

our sample; median values for total HUFA were 11.9% TFA in CRPS patients vs 13.4%TFA 

in the control group (P = 0.10). Thus, %TFA values are difficult to interpret in our study. 

Given the competitive nature of n−6 and n−3 HUFA, the finding that higher n−6 HUFA 

concentrations in CRPS were not accompanied by elevated n−3 HUFA has important 

implications for the interpretation of our results. Plasma concentrations, which provide a 

quantitative indication of n−6 and n−3 HUFA available for various metabolic processes 

(e.g., eicosanoid synthesis), appear to be the most informative way to express our data in 

this pilot study. An interesting question is whether the HTG observed in fibromyalgia and 

the apparent HTG in our CRPS sample is a feature of other chronic pain syndromes, and 

whether elevated TG are a consequence of dietary habits, metabolic phenomena, or other 

factors.

Limitations

Several limitations of this pilot study merit discussion. First, because the CRPS population 

consisted of prevalent cases, it is not possible to assess whether the observed differences 

in fatty acids were a cause or consequence of having CRPS. For example, functional 

limitations or financial hardship resulting from CRPS could alter dietary habits in a manner 

to increase n−6 and trans fatty acids. Because dietary characteristics were not assessed, it 

is not possible to conclude whether metabolic differences, or different diets, accounted for 

the observed differences in plasma fatty acids. Another limitation is the lack of adjustments 

for potential confounding variables. Next, the small sample size may have resulted in 

large confidence intervals and lower statistical power for detecting differences between 

groups. We cannot rule out the possibility that differences in variables, including those 

that approached statistical significance such as n−6 AA and %n6 in HUFA, would become 

significant with the additional power afforded by larger sample sizes. Another limitation was 

the relative homogeneity of our study population, which consumed modern U.S. diets that 

are uniformly high in n−6 fatty acids. Lack of n−6 variability may have obscured differences 

in variables of interest and their correlations with pain characteristics, which would become 

apparent with more heterogeneity. Furthermore, we did not measure n−6 DPA (a numerator 

variable in %n6 in HUFA), and therefore may have underestimated %n−6 in HUFA. Future 

studies may benefit by measuring n−6 DPA. Future studies may also benefit by isolating and 

measuring the various lipid fractions, such as TG and PL. This would allow for more useful 
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information to be gleaned from the %TFA measurement, even if TG concentrations differ 

markedly between groups.

Conclusion

The pilot data presented here, in conjunction with plausible biologic mechanisms, suggest 

that elevated n−6 HUFA and trans FA may play a role in CRPS pathogenesis. These findings 

should be replicated, and more research is needed to explore the clinical significance of 

low n−6 and trans FA diets, with or without concurrent n−3 HUFA supplementation, for the 

prevention or management of CRPS.
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Table 5

Typical fatty acid content of phospholipids and triglycerides

Phospholipids (%) Triglycerides (%)

Total SFA 40–50   30–40

Total MUFA 10–15   35–45

LA 20–25   15–25

ALA <0.5 0.8–1.5

HUFA 18–25    1–5

SFA = saturated fatty acid; MUFA = monounsaturated fatty acid; LA = linoleic acid; ALA = alpha linolenic acid; HUFA = highly unsaturated fatty 
acid.
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