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Summary 
We sought to examine the association between maternal erythrocyte omega-3, omega-6 and trans fatty acids and risk of 
preeclampsia. We conducted a case-control study of 170 women with proteinuric, pregnancy-induced hypertension and 
185 normotensive pregnant women who delivered at Harare Maternity Hospital, Harare, Zimbabwe. We measured 
erythrocyte omega-3, omega-6 and trans fatty acid as the percentage of total fatty acids using gas chromatography. 
After multivariate adjustment for confounding factors, women in the highest quartile group for total omega-3 fatty acids 
compared with women in the lowest quartile experienced a 14 % reduction in risk of preeclampsia (odds ratio 0.86, 
95 % confidence interval 0.45 to 1.63). For total omega-6 fatty acids the odds ratio was 0.46 (95 % confidence interval 
0.23 to 0.92), although there was suggestion of a slight increase in risk of preeclampsia associated with high levels of 
arachidonic acid. Among women in the highest quartile for arachidonic acid the odds ratio was 1.29 (95 % confidence 
interval 0.66 to 2.54). A strong statistically significant positive association of diunsaturated fatty acids with a trans 
double bond with risk of preeclampsia was observed. Women in the upper quartile of 9-cis 12-trans octadecanoic acid 
(C18:2n6ct) compared with those in the lowest quartile experienced a 3-fold higher risk of preeclampsia (odds ratio = 3.02, 
95 % confidence interval 1.41 to 6.45). Among women in the highest quartile for 9-trans 12-cis octadecanoic acid 
(C18:2n6tc) the odds ratio was 3.32 (95 % confidence interval 1.55 to 7.13). Monounsaturated trans fatty acids were also 
positively associated with the risk of preeclampsia, although of much reduced magnitude. We observed a strong 
positive association of trans fatty acids, particularly diunsaturated trans fatty acids, with the risk of preeclampsia. We 
found little support for the hypothesized inverse association between omega-3 fatty acids and preeclampsia risk in this 
population. Polyunsaturated fatty acids, particularly omega-3 fatty acids, were comparatively lower in Zimbabwean 
than among US pregnant women. Given the limited inter-person variation in omega-3 fatty acids among Zimbabwean 
women, our sample size may be too small to adequately assess the relation in this population. 
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Introduction 
 
 Habitual consumption of modest amounts of fish 
and other seafood has been associated with a reduction in 
the risk of heart disease (Harris 2005). Results from 
controlled metabolic studies have provided strong 
evidence for the role of fish oil (i.e., long chain omega-3 
polyunsaturated fatty acids) played in reducing 
circulating triglycerides, decreasing platelet and 
leukocyte reactivity, attenuating imbalances between the 
potent eicosanoids such as prostacyclin and thromboxane 
in favor of vasodilatation, and reducing systolic and 
diastolic blood pressures (Harris 2005, Kinsella et al. 
1990). The beneficial effects of fish oil appear to be 
associated with the long chain polyunsaturated omega-3 
fatty acids – eicosapentaenoic, docosapentaenoic and 
docosahexaenoic acids. Together these fatty acids 
represent the main omega-3 polyunsaturated fatty acids in 
the diet. Although derived primarily from fatty fish and 
some shellfish, omega-3 polyunsaturated fatty acids can 
also be derived from the elongation and desaturation of 
α-linolenic acid, an omega-3 fatty acid derived from 
certain vegetables, seeds and nuts (Kestin et al. 1990). 
Omega-6 fatty acids are derived from vegetables 
(sunflower, corn and cotton seed), eggs and other animal 
sources (Kestin et al. 1990). Arachidonic acid, an omega-
6 fatty acid, has been shown to have opposite effects of 
omega-3 fatty acids on circulating lipids, platelet and 
leukocyte reactivity, as well as eicosanoid biosynthesis 
(Kinsella et al. 1990, Kestin et al. 1990). 
 Trans fatty acids, derived primarily from the 
partial hydrogenation of vegetable oils to produce 
margarines, salad oils, shortening and a variety of 
prepared foods, have been associated with increased 
coronary heart disease risk in some, though not all studies 
(Hu et al. 1997, Aro et al. 1995, Roberts et al. 1995). 
Trans fatty acids have been found to be associated with 
an adverse plasma lipid profile (Katan and Zock 1995), 
inhibition of the desaturation and elongation of essential 
omega-3 and omega-6 fatty acids, and increased platelet 
aggregation. Investigators have documented a positive 
association between trans fatty acids and plasma 
lipoprotein(a) [Lp(a)] concentrations (Katan and Zock 
1995). 
 Preeclampsia, one of the most common medical 
complications of pregnancy (Roberts et al. 2003), is a 

leading cause of maternal mortality worldwide, as well as 
an important cause of premature delivery, fetal growth 
retardation, and perinatal mortality. Pregnancies 
complicated by preeclampsia are preceded by 
hyperlipidemia, particularly hypertriglyceridemia. Other 
pathologic changes associated with preeclampsia include 
maladaptation of spiral arteries of the placental bed, 
excessive lipid peroxidation, endothelial cell dysfunction, 
thromboxane/prostacyclin imbalance, elevations in pro-
inflammatory cytokines, altered membrane fluidity, and 
elevations in plasma homocyst(e)ine concentrations 
(Williams and Mittendorf 2000, Roberts et al. 2003, Qiu 
et al. 2006). Controlled metabolic studies provided 
evidence suggesting that manipulation of the dietary 
intake of omega-3 fatty acids, omega-6 fatty acids, and 
trans fatty acids may prevent or ameliorate several of 
these pathophysiological processes (Katan and Zock 
1995, Harris 2005). 
 Investigators have previously shown that 
derangements in omega-3 and omega-6 fatty acids in 
plasma phospholipids or erythrocytes are associated with 
preeclampsia and other adverse pregnancy outcomes 
(Ogburn et al. 1984, Olsen et al. 1991, Williams et al. 
1995, Clausen et al. 2001). Very little is known, however, 
about the metabolic consequence of dietary intake of 
trans fatty acids in pregnancy. At least one group of 
investigators, however, have reported that elaidic acid, 
one of the major dietary trans fatty acids, was inversely 
associated with infant birth weight (Koletzko 1992). In a 
small cross-sectional pilot study conducted among 
predominately white women in Seattle (Washington, 
USA) we observed a strong positive association between 
maternal erythrocyte elaidic acid and risk of preeclampsia 
(Williams et al. 1998). 
 For the present study, we examined the 
association between maternal erythrocyte composition of 
omega-3 and omega-6, as well as trans fatty acids in 
relation to risk of preeclampsia among women in Harare, 
Zimbabwe. Given that erythrocyte turnover is 
approximately 120 days, and that erythrocyte fatty acid 
profiles have been shown to reflect relative patterns of 
dietary intake of fats from marine and vegetable sources 
over a 2- to 3-month period (Farquhar and Ahrens 1983), 
we decided to assess fatty acid profiles in maternal 
erythrocytes. 
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Methods 
 
Study Setting and Population 
 This case-control study was conducted at Harare 
Maternity Hospital, a University of Zimbabwe Medical 
School affiliated hospital, from June 1995 through April 
1996. Harare Maternity Hospital is a referral hospital that 
is part of what is known as the Greater Harare Maternity 
Unit. The Unit, comprised of Harare Maternity Hospital 
and nine clinics located in Harare’s high density suburbs, 
is responsible for delivering 36000 infants annually. 
 During the study period, we sought to enroll 
200 women with preeclampsia or eclampsia and 
200 normotensive control women. Potential cases were 
identified by daily surveillance of labor and delivery log 
books and medical records. Study subjects were recruited 
during their postpartum stay in the hospital. Preeclampsia 
was defined as a sustained 15 mmHg diastolic rise or a 
30 mmHg rise in systolic blood pressure above pre-
pregnant or first trimester levels. If first trimester blood 
pressures were unknown, preeclampsia was defined as 
persistent (6 or more hours) blood pressure of at least 
140/90 mm Hg. Proteinuria was defined as urine protein 
concentration of 0.1 g/l or more in at least two random 
specimens collected at least 4 h apart. Eclampsia was 
defined as above with the additional stipulation of 
maternal seizures (ACOG 1996). Nulliparity was not a 
criterion for diagnosis for this investigation. All 
200 eligible cases who were approached agreed to 
participate in the study. Cases were comprised of 
37 patients with eclampsia and 163 patients with 
preeclampsia. There were 17 028 deliveries at the 
Hospital during the study period, approximately 4.3 % of 
deliveries were complicated by preeclampsia (n=621) or 
eclampsia (n=107). 
 Controls were women with pregnancies 
uncomplicated by pregnancy-induced hypertension. Each 
day during the enrollment period, controls were 
numbered in the order in which they were admitted and 
delivered within two hours of a case. If a selected control 
was too ill to participate, the next eligible control on the 
list was approached and recruited. Of the 201 controls 
approached, 200 (99 %) agreed to participate in the study. 
During the study period, only three women selected for 
potential participation in the study was characterized as 
being too ill (i.e., not able to participate in the study 
interview because of physical fatigue or emotional 
distress). Recruitment of cases and controls took place 
during the regular day shift of a 5-day (Monday through 

Friday) work week. 
 Women with pre-gestational chronic 
hypertension were not eligible for inclusion in the present 
study. Blood samples were available for 190 cases and 
191 control subjects. After excluding 20 cases and 
6 control subjects with chronic hypertension diagnosed 
prior to pregnancy or during the first 20 weeks of the 
index pregnancy, 170 preeclampsia or eclampsia cases 
(32 eclamptics and 138 preeclamptics) and 185 normo-
tensive control subjects remained for the study. The case 
group will be referred to as preeclamptics. This 
investigation was approved by the Medical Research 
Council of Zimbabwe and the Human Subjects 
Committee of the University of Washington Medical 
Center. All subjects provided informed consent before 
participating in the study. 
 
Data collection 
 A structured interview questionnaire was 
administered during participants’ postpartum hospital 
stay and information concerning antepartum, labor and 
delivery characteristics, and conditions of the newborn 
were obtained from medical records. Maternal 
anthropometric measures (height, weight and mid-arm 
circumference) were taken during participants’ 
postpartum hospital stay. Because pre-pregnancy weight 
is difficult to obtain in developing countries (Krasoveck 
et al. 1991), and because Zimbabwean women are 
unlikely to be able to report their pre-pregnancy weight, 
we elected a priori to use maternal mid-arm 
circumference, measured at delivery, as our primary 
measure of maternal pre-pregnancy adiposity. Maternal-
mid-arm circumference was taken from participants’ non-
dominant arm. The circumference of the mid-arm (point 
mid-way between the elbow and shoulder) was measured 
using a cloth tape measure. All measurements were taken 
by one author (SM). 
 
Specimen collection and processing 
 Blood samples collected in EDTA 10 ml 
Vacutainer tubes 12-72 h postpartum, were immediately 
transported, in a cooler with ice, to the Reproductive 
Biology Laboratory, Parirenyatwa Hospital, University of 
Zimbabwe Medical School. Upon arrival at the 
laboratory, plasma was separated and erythrocytes were 
washed three times. Washed erythrocytes and plasma 
were divided into 1-2 ml aliquots, placed in cryovials, 
and stored at –70 °C. Specimens were shipped in liquid 
nitrogen to the USA for biochemical analyses. 
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Biochemical analyses 
 Fatty acid methyl esters (FAME) were prepared 
by direct trans-esterification using the method of Lepage 
and Roy (1986). Gas chromatography was performed on 
samples dissolved in hexane. The FAME of total 
erythrocyte fatty acids were separated on a gas 
chromatograph (model 5890B, series II, Hewlett-Packard, 
Avondale, PA) equipped with a flame ionization detector 
(FID), automatic sampler (Hewlett-Packard 7673) and 
Chemstation software (Hewlett-Packard). Quantitative 
precision, accuracy and identification of fatty acids were 
evaluated using the model mixtures of known FAME and 
an established erythrocyte specimen control pool. 
Quantitative results were standardized with the National 
Heart Institute's Fatty Acid Standards A-D, F, and 
GLC87 (Nu-Check-Prep, Elysian, MN). Quantification 
was made by integrating the peak area of each FAME 
(using HP Chemstation software), and results were 
expressed as relative weight percentage. Erythrocyte 
membrane composition of eicosapentaenoic acid (an 
omega-3 fatty acid), for example, was expressed as the 
mean weight percentage (± SD). Inter-assay coefficients 
of variation (CV), determined by analysis of aliquots 
from a pooled sample, were 7, 3 and 2 % for eicosapenta-
enoic acid, docosahexaenoic acid, and arachidonic acid, 
respectively. Inter-assay CV’s ranged from 2-7 % for 
monounsaturated trans fatty acids, 13-25 % for 
diunsaturated fatty acids with a trans double bond. All 
laboratory analyses were blinded as to case or control 
status. A total of 41 fatty acids were identified. Below we 
report on only those fatty acids (i.e. omega-3, omega-6 
and trans fatty acids) for which we had hypothesized 
would be associated with the occurrence of preeclampsia. 
 
Statistical analysis 
 The frequency distribution of maternal 
sociodemographic characteristics, medical and 
reproductive histories according to case control status 
was examined. Because comparison of group means (or 
other measures of central tendency) may obscure 
important group differences in the tails of distributions, 
we elected a priori to assess the relation of each fatty acid 
and risk of preeclampsia after creating ordinal categorical 
variables. We also compared group mean differences for 
each fatty acid studied. To estimate the relative 
association between preeclampsia and levels of specific 
fatty acids, we categorized each subject according to 
quartiles determined by the distribution of fatty acid 
levels in controls (Hsieh et al. 1991). Using the lowest 

fatty acid category as the referent group, odds ratios and 
their attendant 95 % confidence intervals were estimated. 
Logistic regression procedures were used to calculate 
maximum likelihood estimates for the coefficients and 
their standard errors were used to calculate odds ratios 
and 95 % confidence intervals (CI), adjusted for 
confounders (Rothman and Greenland 1998). In multiple 
logistic regression models, significance for monotonic 
trends was assessed by treating the four quartiles as a 
continuous variable after assigning a score as its value 
(Rothman and Greenland 1998). To assess confounding, 
we entered variables into a logistic regression model one 
at a time, then compared the adjusted and unadjusted 
odds ratios. Final logistic regression models included 
covariates that altered unadjusted ORs by at least 10 %. 
Results of analyses restricted to preeclamptics (i.e. 
excluding the 32 eclamptics) were not materially different 
from those results, which included all 170 case subjects. 
Hence, we report results for preeclampsia and eclampsia 
cases combined. All reported p values are two tailed. 
 
Results 
 
 Comparison of the group mean differences of 
maternal mid-arm circumference was consistent with 
cases being heavier than controls. Comparisons of group 
mean differences for omega-3 fatty acids, omega-6 fatty 
acids and trans fatty acids are presented in Table 1. 
 Unadjusted and adjusted odds ratios of 
preeclampsia for each quartile of omega-3 fatty acids are 
presented in Table 2. Overall, we observed no clear 
evidence of a linear trend in risk of preeclampsia with 
increasing levels of omega-3 fatty acids. The adjusted 
odds ratios and 95 % CI for increasing quartiles of 
linolenic acid (C18:3n3), were (OR=1.42, 95 % CI 0.73-
2.76; OR=0.70, 95 % CI 0.35-1.41; and OR=0.86, 95 % 
CI 0.43-1.69, respectively) compared with the lowest 
quartile (trend p-value = 0.29). There appeared to be a 
reverse J-shaped relation between the sum of omega-3 
fatty acids and risk of preeclampsia. Women in the 
second quartile of total omega-3 fatty acids, as compared 
to those in the lowest quartile group, had a 58 % 
reduction in risk of preeclampsia (adjusted OR=0.42 
95 % CI 0.20-0.87). Preeclampsia risk appeared to be 
reduced for women in the third and fourth quartiles, 
although the reduction in risk was attenuated (ORs = 0.77 
and 0.86, respectively) and did not reach statistical 
significance (Fig. 1). 
 Results from analyses of preeclampsia risk in 
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relation to omega-6 fatty acid levels are presented in 
Table 3. There was a modest, though statistically 
insignificant, reduction in risk of preeclampsia with 
increasing levels of linoleic acid (C18:2n6) (adjusted p-for 
trend = 0.23). There was a 30 % reduction in the risk of 
preeclampsia for women in the upper quartile, as 
compared to those in the lowest quartile (OR = 0.70, 
95 % CI 0.36-1.37). A similar pattern was seen for most 
of the other omega-6 fatty acids studied, although a 
statistically significant inverse linear trend in the risk was 
seen for docosatetraenoic acid (C22:4n6) (adjusted p-for 
trend = 0.04). Odds ratios corresponding to successively 
higher quartiles of arachidonic acid (C20:4n6) were 1.19 

(95 % CI 0.60-2.23), 0.79 (95 % CI 0.29-2.33) and 1.29 
(95 % CI 0.66-2.54), with the lowest quartile as the 
referent group. There was a linear trend in decreasing risk 
of preeclampsia with increasing levels of the sum of 
omega-6 fatty acids. The odds ratios and 95 % CI for 
increasing quartiles of total omega-6 fatty acids were 0.85 
(95 % CI 0.45-1.61), 0.66 (0.35-1.33) and 0.46 (95 % CI 
0.23-0.92), compared with the lowest quartile as the 
referent group (adjusted p for trend = 0.02). 
 Because omega-3 fatty acids interact with fatty 
acids in the omega-6 family in eicosanoid biosynthesis, 
and because omega-3 fatty acids are rapidly and 
reversibly incorporated into membranes of erythrocytes, 

Table 1. Percentages of omega-3 and omega-6 polyunsaturated fatty acids and trans fatty acids in erythrocytes obtained from 
preeclamptic-eclamptic cases and normotensive controls, Harare, Zimbabwe 1995-1996. 
 

 Preeclampsia Cases Control Subjects 
 (n = 170) (n= 185)  
Fatty Acid Mean ± SD Mean ± SD p value 

Omega-3 fatty acids    
Linolenic acid (C18:3n3)  0.17 ± 0.06  0.18 ± 0.06 0.2 
Eicosapentaenoic acid (C20:5n3)  0.20 ± 0.07  0.20 ± 0.07 0.47 
Docosapentaenoic acid (C22:5n3)  1.63 ± 0.20  1.64 ± 0.21 0.82 
Docosahexaenoic acid (C22:6n3)  5.19 ± 0.81  5.03 ± 0.77 0.06 
Sum Omega-3 fatty acids  7.18 ±0.92  7.05 ± 0.88 0.15 

Omega-6 fatty acids    
Linoleic acid (C18:2n6) 10.38 ± 1.44 10.74 ± 1.26 0.01 
γ-Linoleic acid (C18:3n6)  0.25 ± 0.14  0.25 ± 0.14 0.87 
Eicosadienoic acid (C20:2n6)  0.47 ± 0.08  0.49 ± 0.08 0.06 
Eicosatrienoic acid (C20:3n6)  1.42 ± 0.22  1.43 ± 0.19 0.57 
Arachidonic acid (C20:4n6) 12.74 ± 0.94 12.76 ± 0.91 0.85 
Docosatetraenoic acid (C22:4n6)  3.86 ± .052  4.00 ± 0.54 0.02 
Sum Omega-6 fatty acids 29.19 ± 1.38 29.75 ± 1.28 <0.001 
Ratio of Omega-3/Omega 6 0.25 ± 0.04 0.24 ± 0.04 0.02 
Ratio of Omega-3/Arachidonic acid 0.57 ± 0.08 0.56 ± 0.08 0.02 

C18 monounsaturated trans fatty acids    
8,7,6-trans octadeceonic acid (C18:1n10-12t)  0.07 ± 0.06 0.07 ± 0.06 0.43 
9-trans octadecanoic acid (C18:1n9t)  0.16 ± 0.06  0.15 ± 0.08 0.15 
10-trans octadecanoic acid (C18:1n8t)  0.14 ± 0.06  0.12 ± 0.06 0.002 
11-trans octadecanoic acid (C18:1n7t)  0.22 ±0.07  0.21 ± 0.09 0.41 
12-trans octadecanoic acid (C18:1n6t)  0.27 ± 0.06  0.26 ± 0.05 0.06 
Sum Monounsaturated trans fatty acids  0.86 ± 0.24  0.81 ± 0.24 0.05 

Diunsaturated fatty acids with a trans double bond    
9-cis 12-trans octadecanoic acid (C 18:2n6ct)  0.05 ± 0.02  0.05 ± 0.03 0.24 
9-trans 12-cis octadecanoic acid (C 18:2n6tc)  0.04 ± 0.01  0.03 ± 0.01 <0.001 
Sum Diunsaturated trans fatty acids  0.09 ± 0.03  0.08 ± 0.03 0.002 
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largely at the expense of omega-6 fatty acids, we also 
evaluated the ratio of the total level of omega-3 fatty 
acids to the total level of omega-6 fatty acids. We 
calculated the ratio of total omega-3 fatty 
acids:arachidonic acid ratio so as to compare our results 
with those of Olsen et al. (1991). After adjusting for 
confounders, women in the upper two quartiles of the 
omega-3:omega-6 ratio, as compared with those in the 

lowest quartile, appeared to be at an increased risk of 
preeclampsia, although the odds ratios did not reach 
statistical significance and the adjusted 95 % confidence 
intervals are wide. 
 Risk of preeclampsia was moderately increased 
with most, although not all, of the C18 monounsaturated 
trans fatty acids measured in this population (Table 4). 
Among this group of trans fatty acids, maternal 

Table 2. Odds Ratios (OR) and 95% Confidence Intervals (CI) of preeclampsia according to quartile of percentages of omega-3 
polyunsaturated fatty acids in maternal erythrocytes, Harare, Zimbabwe, 1995-1996. 
 

  Quartile of Measurement   
Fatty Acid 1 (Low) 2 3 4 (High) trend 

p-value 

Linolenic acid (C18:3n3)     
Mean 0.1 0.15 0.20 0.26  
No. cases 51 48 35 36  
No. controls 47 46 46 46  
OR  1 0.96 0.70 0.72 0.17 
Adj OR* (95 % CI) 1 1.42 (0.73-2.76) 0.70 (0.35-1.41) 0.86 (0.43-1.69) 0.29 

Eicosapentaenoic acid (C20:5n3)     
Mean 0.13 0.17 0.22 0.29  
No. cases 58 24 53 35  
No. controls 47 47 46 45  
OR 1 0.41 0.93 0.63 0.41 
Adj OR* (95 % CI) 1 0.39 (0.27-0.54) 0.73 (0.39-1.37) 0.58 (0.30-1.13) 0.23 

Docosapentaenoic acid (C22:5n3)     
Mean 1.39 1.57 1.69 1.91  
No. cases 44 44 46 36  
No. controls 48 45 46 46  
OR 1 1.07 1.09 0.85 0.66 
Adj OR* (95 % CI) 1 1.03 (0.54-2.01) 0.74 (0.38-1.45) 0.63 (0.31-1.25) 0.12 

Docosahexaenoic acid (C22:6n3)     
Mean 4.16 4.70 5.14 6.08  
No. cases 34 29 46 61  
No. controls 47 46 46 46  
OR 1 0.87 1.38 1.83 0.01 
Adj OR* (95 % CI) 1 0.69 (0.33-1.41) 1.12 (0.57-2.21) 1.20 (0.62-2.34) 0.34 

Sum Omega-3 fatty acids     
Mean 6.06 6.71 7.20 8.20  
No. cases 44 24 41 61  
No. controls 47 46 46 46  
OR 1 0.56 0.95 1.42 0.09 
Adj OR* (95 % CI) 1 0.42 (0.20-0.87) 0.77 (0.39-1.50) 0.86 (0.45-1.63) 0.99 

 

*Adjusted for maternal age, parity, mid-arm circumference, and gestational age at delivery. 
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erythrocyte levels among the top two quartiles of the 
distribution of 10-trans octadecanoic acid (C18:1n8t), 
compared with values in the lowest quartile was 
associated with an almost doubling in preeclampsia risk. 
The adjusted odds ratios for the third and fourth quartiles 
were 2.19 and 1.93, respectively (adjusted p-for trend = 
0.02). We observed a strong positive linear relationship 
between diunsaturated fatty acids with a trans double 
bond and risk of preeclampsia. After adjusting for 
confounding factors, women with successively increasing 
levels of 9-cis 12-trans octadecanoic acid (C18:2n6ct) 
experienced a 2.50-fold, 3.11-fold and 3.02-fold 
increased risk of preeclampsia as compared to women in 
the lowest quartile (OR=2.5, 95 % CI 1.15-5.40; 
OR=3.11, 95 % CI 1.45; OR=3.02, 95 % CI 1.41-6.45, 
respectively, adjusted p for trend = 0.01). A similarly 
strong linear trend of increasing risk of preeclampsia was 
seen for increasing maternal erythrocyte 9-trans 12-cis 
octadecanoic acid (C18:2n6tc) levels. 
 
Discussion 
 
 In this case-control study of pregnant women 
from Harare, Zimbabwe, we found little support for the 
hypothesized inverse association between omega-3 fatty 

acids and preeclampsia risk. A modest inverse association 
was seen for omega-6 fatty acids and risk of 
preeclampsia. There was some evidence suggestive of a 
weak positive association between increasing levels of 
arachidonic acid and risk of preeclampsia. Overall, 
maternal erythrocyte C18 monounsaturated trans fatty 
acids were positively associated with preeclampsia risk. 
We observed a strong linear trend of increasing risk of 
preeclampsia associated with increasing levels of 
diunsaturated fatty acids with a trans double bond. 
 Several caveats must be considered when 
interpreting the results of our study. Statistical control for 
confounding factors resulted in modest changes in 
estimated odds ratios. Control for confounding may be 
incomplete because of random errors in measurements of 
covariates or errors in multivariate model specification. 
Additionally, we cannot exclude the possibility that our 
results are in part confounded by unmeasured factors 
such as maternal insulin resistance, gestational diabetes 
mellitus, and intake of salt. Glucose tolerance testing was 
not routinely performed and is considered to be 
uncommon in our study setting. We did not have 
information concerning maternal salt intake, thus we 
cannot exclude confounding as a possible limitation of 
our research. 

 
 
Fig. 1. Odds ratios (OR) and 95 % confidence intervals (95 % CI) for preeclampsia according to quartiles of selected fatty acids (FA). 
Reference group is defined as those in quartile 1. OR and (95 % CI) are adjusted for maternal age, parity, mid-arm circumference and 
gestational age at delivery. 
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 An additional important limitation of our study 
relates to the fact that maternal erythrocyte fatty acid 
composition was assessed following the diagnosis of 
preeclampsia. As a result, it is not possible to determine 
whether the differences are a cause or consequence of the 
disorder. Prospective studies, which allow the 
simultaneous measurement of dietary intake of fatty 
acids, as well as biochemical assessment of fatty acids 
status in a cohort of pregnant women followed 

longitudinally, and which include serial measurements of 
maternal systolic, diastolic and mean arterial pressures 
throughout pregnancy, will resolve these issues. 
 To the best of our knowledge, this is the first 
study to evaluate maternal fatty acid profiles of women 
from Zimbabwe. In general, mean erythrocyte levels of 
omega-3 fatty acids for normotensive control subjects in 
this population were lower than values seen for 
normotensive pregnant women in Seattle (Washington, 

Table 3. Odds Ratios (OR) and 95 % Confidence Intervals (CI) of preeclampsia according to quartile of percentages of omega-6 
polyunsaturated fatty acids in maternal erythrocytes, Harare, Zimbabwe, 1995-1996. 
 

  Quartile of Measurement  
Fatty Acid 1 (Low) 2 3 4 (High) trend 

p-value 

Linoleic acid (C18:2n6)     
Mean 9.09 10.36 11.12 12.36  
No. cases 69 35 29 37  
No. controls 47 46 46 46  
OR 1 0.52 0.43 0.55 0.02 
Adj OR* (95 % CI) 1 0.83 (0.43-1.61) 0.65 (0.32-1.30) 0.70 (0.36-1.37) 0.23 

γ-Linoleic acid (C18:3n6)    
Mean 0.03 0.26 0.32 0.38  
No. cases 42 42 49 37  
No. controls 47 47 45 46  
OR 1 1.00 1.22 0.90 0.93 
Adj OR* (95 % CI) 1 0.87 (0.44-1.71) 1.23 (0.64-2.39) 0.96 (0.48-1.90) 0.83 

Eicosadienoic acid (C20:2n6)    
Mean 0.39 0.46 0.51 0.59  
No. cases 60 48 35 27  
No. controls 47 46 46 46  
OR  1 0.82 0.60 0.46 <0.01 
Adj OR* (95 % CI) 1  1.12 (0.59-2.12) 0.75 (0.38-1.46) 0.58 (0.29-1.17) 0.08 

Eicosatrienoic acid (C20:3n6)    
Mean 1.2 1.36 1.48 1.7  
No. cases 52 41 39 38  
No. controls 47 46 46 46  
OR  1 0.81 0.77 0.75 0.31 
Adj OR* (95 % CI) 1 0.69 (0.36-1.34) 0.77 (0.39-1.50) 0.53 (0.27-1.03) 0.09 

Arachidonic acid (C20:4n6)     
Mean 11.58 12.43 13.06 13.86  
No. cases 41 45 32 52  
No. controls 47 46 46 46  
OR  1 1.12 0.80 1.30 0.58 
Adj OR* (95 % CI) 1 1.19 (0.60-2.33) 0.79 (0.29-1.59) 1.29 (0.66-2.54) 0.71 
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USA). The average percentage of eicosapentaenoic, 
docosapentaenoic and docosahexaenoic fatty acids in 
maternal erythrocytes were 70 %, 15 % and 12 % lower, 
respectively, for women in Harare as compared with 
women in Seattle (Williams et al. 1995). The 
comparatively low average percentage of omega-3 fatty 
acids in erythrocytes of Zimbabwean women may have 
served to limit variability between individuals, and 
therefore reduce available statistical power to detect an 
association with preeclampsia risk (if indeed one exists in 
this study population). For omega-6 fatty acids, women 
from Zimbabwe had 24 % higher linoleic acid, 4 % lower 
arachidonic acid, and 23 % higher docosatetraeonic acid 
as compared to women from the USA. 
 Comparisons of our results with those from 
previous investigations are limited to contrasting 
unadjusted case-control group mean differences for 
omega-3 and omega-6 fatty acids. Some of our observed 
mean differences in maternal fatty acids between cases 
and controls in the present study are in general agreement 

with results from previous investigations. An earlier 
study of predominately white women in Seattle 
(Washington, USA) found that low erythrocyte levels of 
omega-3 fatty acids and high levels of omega-6 fatty 
acids, particularly arachidonic acid, were associated with 
an increased risk of preeclampsia (Williams et al. 1995). 
Ogburn et al. (1984), also found some evidence of high 
levels of the omega-6 fatty acid, arachidonic acid in 
preeclamptic as compared to normotensive Caucasian 
pregnant women. In their study of 11 preeclamptic cases 
and 19 controls, the investigators reported that maternal 
arachidonic acid levels, measured in plasma 
phospholipids, were 13.5 % higher for cases compared 
with controls (Ogburn et al. 1984). However, our 
observations are at variance with reports from other 
investigators (Wang et al. 1991, Al et. al. 1995). Unlike 
Wang et al. (1991), who reported that plasma levels of 
arachidonic acid were reduced in preeclamptic women as 
compared with controls (11.4±1.0 and 12.8±0.9, 
respectively) in the United States, we found the average 

Table 3. (Cont.) Odds Ratios (OR) and 95% Confidence Intervals (CI) of preeclampsia according to quartile of percentages of 
omega-6 polyunsaturated fatty acids in maternal erythrocytes, Harare, Zimbabwe, 1995-1996. 
 

 Quartile of Measurement   
Fatty Acid 1 (Low) 2 3 4 (High) trend p-value 

Docosatetraenoic acid (C22:4n6)     
Mean 3.3 3.80 4.17 4.66  
No. cases 51 53 36 30  
No. controls 47 46 46 46  
OR 1 1.06 0.72 0.60 0.05 
Adj OR* (95 % CI) 1 1.17 (0.62-2.21) 0.55 (0.28-1.09) 0.58 (0.29-1.17) 0.04 

Sum Omega-6 fatty acids     
Mean 27.93 29.31 30.09 31.35  
No. cases 64 44 34 28  
No. controls 47 45 47 46  
OR 1 0.72 0.53 0.45 <0.01 
Adj OR* (95 % CI) 1 0.85 (0.45-1.61) 0.66 (0.35-1.33) 0.46 (0.23-0.92) 0.02 

Ratio of Omega-3/Omega 6     

Mean 0.20 0.22 0.24 0.29  
No. cases 31 23 56 60  
No. controls 47 45 47 46  
OR  1 0.77 1.81 1.98 <0.01 
Adj OR* (95 % CI) 1 0.96 (0.45-2.05) 1.77 (0.91-3.44) 1.47 (0.75-2.89) 0.12 

Ratio of Omega-3/Arachidonic acid     
Mean 0.46 0.53 0.58 0.66  
No. cases 36 49 23 62  
No. controls 46 46 46 47  
OR  1 1.36 0.64 1.69 0.24 
Adj OR* (95 % CI) 1 1.01 (0.37-1.73) 0.39 (0.18-0.83) 1.13 (0.58-2.19) 0.87 

 
*Adjusted for maternal age, parity, mid-arm circumference and gestational age at delivery. 
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percent of arachidonic acid in maternal erythrocyte to be 
slightly increased in Zimbabwean women with 
preeclampsia. Van der Schouw et al. (1991), also 
reported higher percent plasma phospholipid arachidonic 
acid in Dutch women with non-proteinuric pregnancy 
induced hypertension as compared with normotensive 
controls (9.1±0.5 vs. 8.7±0.4). 
 Few investigators have studied systematically 

maternal dietary intake of fatty acids during pregnancy. 
Results from studies conducted among pregnant women 
from the Faroes islands and mainland Danish women 
suggest that diets high in omega-3 fatty acids are 
associated with prolonged gestation, increased birth 
weight and a reduction in risk of preeclampsia (Olsen et 
al. 1991). Crawford et al. (1986) reported that diets low 
in omega-3 fatty acids (as reflected by maternal reports) 

Table 4. Odds Ratios (OR) and 95 % Confidence Intervals (CI) of preeclampsia according to quartile of percentages of trans fatty acids 
in maternal erythrocytes, Harare, Zimbabwe, 1995-1996. 
 
 

 Quartile of Measurement   
Fatty Acid 1 (Low) 2 3 4 (High) trend 

p-value 

8,7,6-trans octadeceonic acid (C18:1n10-12t)    
Mean 0.04 0.05 0.07 0.11  
No. cases 27 41 47 55  
No. controls 47 46 46 46  
OR 1 1.55 1.78 2.08 0.02 
Adj OR* (95 % CI) 1 1.33 (0.64-2.75) 1.37 (0.68-2.80) 1.63 (0.81-3.26) 0.19 

 9-trans octadecanoic acid (C18:1n9t)    
Mean 0.08 0.12 0.16 0.23  
No. cases 32 34 46 58  
No. controls 47 46 48 44  
OR 1 1.09 1.41 1.94 0.02 
Adj OR* (95 % CI) 1 1.00 (0.49-2.05) 1.05 (0.52-2.12) 1.64 (0.83-3.24) 0.14 

 10-trans octadecanoic acid (C18:1n8t)    
Mean 0.07 0.10 0.13 0.20  
No. cases 25 25 61 59  
No. controls 47 46 46 46  
OR 1 1.02 2.49 2.41 <0.01 
Adj OR (95 % CI)  1.04 (0.48-2.26) 2.19 (1.08-4.42) 1.93 (0.96-3.91) 0.02 

 11-trans octadecanoic acid (C18:1n7t)    
Mean 0.13 0.19 0.23 0.29  
No. cases 36 41 44 49  
No. controls 47 47 45 46  
OR 1 1.14 1.28 1.39 0.25 
Adj OR* (95 % CI) 1 0.83 (0.42-1.65) 1.08 (0.57-213) 1.07 (0.54-2.12) 0.66 

 12-trans octadecanoic acid (C18:1n6t)    
Mean 0.2 0.24 0.27 0.34  
No. cases 31 35 50 54  
No. controls 48 45 46 46  
OR) 1 1.2 1.68 1.82 0.03 
Adj OR* (95 % CI) 1 0.92 (0.45-1.91) 1.22 (0.61-2.45) 1.29 (0.65-2.58) 0.33 

 Sum Monounsaturated trans fatty acids    
Mean 0.54 0.71 0.86 1.13  
No. cases 30 33 52 55  
No. controls 47 46 46 46  
OR) 1 1.12 1.77 1.87 0.02 
Adj OR* (95 % CI) 1 1.55 (0.78-3.08) 1.41 (0.71-2.81) 1.19 (0.58-2.47) 0.19 
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were associated with low birth weight and smaller head 
circumference. However, Harper et al. (1991) reported 
that birth weights were similar for Orcadian women, who 
are reported to eat 30 % more fish than the Aberdonians. 
The latter study did not measure individual dietary intake. 
Using a simple, un-validated food frequency 
questionnaire, Atkinson et al. (1998) reported that 
maternal consumption of kapenta (a small white fish) was 
associated with a modest, though statistically non-
significant, reduction in risk of preeclampsia. 
Importantly, maternal reported intake of other fish (e.g. 
bream etc.) was not associated with the outcome. Al and 
colleagues (1995) using a food frequency questionnaire, 
measured maternal dietary intake for 29 women with 
pregnancy-induced hypertension and an equal number of 
controls from the Maastricht region of the Netherlands, 
observed no differences in maternal consumption of total, 
saturated, monounsaturated and polyunsaturated fats, 
proteins or total calories. 
 Differences in population characteristics such as 

racial distributions, as well as dissimilar distributions of 
the severity of preeclampsia studied could account for 
some of the variation in studied results. Some 
investigators included pregnancy-induced hypertension 
without proteinuria in their case group. Pregnancy-
induced hypertension with proteinuria (preeclampsia) and 
without proteinuria (gestational hypertension) may differ 
considerably in etiologic and epidemiologic 
characteristics. Other possible explanations for the 
heterogeneity in results from the few studies involving 
the biochemical assessment of maternal fatty acid status 
in relation to risk of preeclampsia include: 1) small 
sample size yielding statistically unstable point estimates, 
2) whether fatty acids were measured in plasma 
phospholipids or in the membranes of erythrocytes, 
3) biochemical techniques used to measure fatty acids, 
and 4) statistical analytical techniques used to summarize 
fatty acids profiles. Importantly, previous investigators 
have generally not controlled for potential confounding 
factors, nor have they reported the magnitude of 

Table 4. (Cont.) Odds Ratios (OR) and 95 % Confidence Intervals (CI) of preeclampsia according to quartile of percentages of trans 
fatty acids in maternal erythrocytes, Harare, Zimbabwe, 1995-1996. 
 

 Quartile of Measurement   
Fatty Acid 1 (Low) 2 3 4 (High) trend 

p-value 

9-cis 12-trans octadecanoic acid (C 18:2n6ct)    
Mean 0.03 0.04 0.05 0.08  
No. cases 20 44 52 54  
No. controls 47 46 46 46  
OR) 1 2.25 2.66 2.76 <0.01 
Adj OR* (95 % CI) 1 2.50 (1.15-5.40) 3.11 (1.45-6.67) 3.02 (1.41-6.45) 0.01 

9-trans 12-cis octadecanoic acid (C 18:2n6tc)    
Mean 0.02 0.03 0.04 0.05  
No. cases 15 41 38 76  
No. controls 47 46 46 46  
OR 1 2.79 2.59 5.18 <0.01 
Adj OR* (95 % CI) 1 1.53 (0.68-3.44) 2.11 (0.95-4.69) 3.32 (1.55-7.13) <0.01 

Sum Diunsaturated trans fatty acids    
Mean 0.05 0.07 0.08 0.12  
No. cases 17 31 52 70  
No. controls 48 45 46 46  
OR 1 1.95 3.19 4.30 <0.01 
Adj OR* (95 % CI) 1 1.52 (0.67-3.44) 3.56 (1.65-7.66) 3.39 (1.60-7.17) <0.01 

 
*Adjusted for maternal age, parity, mid-arm circumference and gestational age at delivery. 
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association between preeclampsia and varying levels of 
fatty acids. 
 High levels of elaidic acid (a trans fatty acid) in 
maternal erythrocytes have been found to be associated 
with a significant increase in risk of preeclampsia 
(Williams et al. 1998). Women with the highest level of 
elaidic acid (median = 0.47) were 7.4 times more likely to 
have had their pregnancy complicated by preeclampsia 
(OR = 7.4, 95 % CI 1.4–39.7) as compared with those 
women with the lowest levels (median = 0.24). Results of 
the present study which allowed for the separation of C18 
monounsaturated trans fatty acids and diunsaturated fatty 
acids with a trans double bond, respectively are in 
general agreement with this earlier observation. We know 
of no other study which evaluates risk of preeclampsia in 
relation to biochemical markers of maternal trans fatty 
acids profiles. 
 The finding that trans fatty acids, more than 
other fatty acids, promote modifications of plasma lipids 
in favor of an atherogenic profile (Katan and Zock 1995) 
suggest a possible physiological mechanism for the 
observed association of trans fatty acids with risk of 
preeclampsia. Dietary trans fatty acids are associated 
with a reduction in plasma high density cholesterol 
concentrations, and elevations in triglyceride and 
lipoprotein (a) concentrations. Hyperlipidemia, parti-
cularly hypertriglyceridemia, has been consistently 
reported to be associated with preeclampsia (Enquobahrie 
et al. 2004). In addition, lipoprotein (a) has been shown 
to accumulate in the placental arterial of women with 
preeclampsia (Meekins et al. 1994). Hence, there remains 
the possibility that the influence of trans fatty acids on 
risk of preeclampsia may, in part, be mediated by their 
effects on maternal plasma lipid and lipoprotein profile. 
Trans fatty acids may also exert their influence on 
preeclampsia through their ability to inhibit the 
elongation and saturation of essential fatty acids (Kinsella 
et al. 1981, Carlson et al. 1997). Limited available data 
suggest that trans fatty acids may compete with essential 
fatty acids, particularly in the context of diets deficient in 
essential fatty acids (Carlson et al. 1997). Importantly, 

the requirement for essential fatty acids is increased 
during pregnancy (Holman et al. 1991). Hence, taken 
together several studies suggest possible plausible 
biological mechanisms that may underlie the statistical 
associations observed in our study. However, additional 
epidemiological and clinical studies which characterize 
fatty acids and plasma lipid profiles in preeclamptic and 
normotensive pregnant women are needed to more 
rigorously re-evaluate these hypotheses. 
 In summary, we found that omega-3 fatty acids 
are comparatively lower among pregnant Zimbabwean 
women as compared with pregnant North American 
women. Our results provide little support for the 
hypothesized inverse relation between omega-3 fatty 
acids and risk of preeclampsia. To the best of our 
knowledge, we are the first to provide empirical evidence 
suggestive of a positive association between maternal 
trans fatty acid status and risk of preeclampsia in a black 
African population. This observation corroborates and 
extends an earlier finding of a strong linear increase in 
risk for preeclampsia associated with elaidic acid – 
a trans fatty acid. Residual confounding cannot be 
entirely excluded, nor we can with confidence attribute 
observed associations exclusively to differences in 
maternal dietary patterns (preeclampsia-associated 
alterations in fatty acid metabolism remain a possible 
explanation for these cross-sectional data). Additional 
prospective studies which simultaneously evaluate 
maternal intake of fats and other nutrients (using 
information from dietary intake questionnaires and 
biochemical markers) are needed to better characterize 
the role that maternal dietary characteristics play in the 
etiology and pathophysiology of preeclampsia. 
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