Elevated maternal monounsaturated fatty acids levels are associated with an increased risk of preterm delivery
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One sentence condensation of the paper:

Higher levels of monounsaturated fatty acid in early pregnancy was associated with a significantly increased risk of spontaneous preterm labour; this risk was not reduced by omega-6 and omega-3 fatty acid supplementation.



Short version of the article title:



17

Maternal fatty acids and preterm delivery

Abstract 

Objective: The paper explores the impact of baseline fatty acid ratios and the change in their proportions on the risk of PD due to spontaneous preterm labour and assesses the impact of supplementation on improving lipid levels and preventing preterm delivery.
Study design: 300 pregnant women were recruited to the study and classified as normal healthy controls (n=50), at risk of gestational diabetes (n=50), at risk of low birth weight (n=100) and at risk of preeclampsia (n=100).  All groups were then randomized to receive either placebo (olive oil) or supplement (omega-6 and omega-3 fatty acids). Maternal blood samples were obtained at recruitment and both maternal and cord blood samples were obtained at delivery. We analyzed the fatty acid content in the red blood cells. Fatty acid proportions were compared to maternal characteristics and pregnancy outcomes; stepwise logistic regression was used to identify predictors of preterm delivery.
Results:  At baseline, women who had a preterm delivery due to spontaneous preterm labour had a higher proportion of monounsaturated fatty acid and lower proportion of arachidonic acid and eicosapentaenoic acid. Docosahexaenoic acid levels were significantly lower in cord blood of preterm neonates compared to term neonates. Although supplementation significantly increased maternal and cord docosahexaenoic acid and eicosapentaenoic acid levels, it was not associated with a decreased risk of preterm delivery. Results from a stepwise logistic regression model showed that monounsaturated fatty acid levels at recruitment were an independent predictor of spontaneous preterm labour after adjusting for potential covariates and independent of whether mothers were identified as having a high-risk pregnancy (OR=1.74, 95% CI 1.34-2.26; p<0.0001). In a separate analysis, high proportions of monounsaturated fatty acids were inversely correlated with low proportions of docosahexaenoic acid, eicosapentaenoic acid and arachidonic acid. 
Conclusions: The strong predictive value of baseline monounsaturated fatty acids for spontaneous preterm labour call for a larger study to confirm the findings. This also highlights the importance of measuring baseline fatty acid levels prior to supplementation.
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Introduction 

The crucial role played by long chain polyunsaturated fatty acids (LC-PUFA) in preterm labor, fetal growth and brain development has been highlighted by the early works of Crawford et al (1-3). Omega-6 arachidonic acid (AA) and Omega-3 docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) have been suggested to determine both the length of gestation and fetal brain development and studies have showed that, in fact, preterm infants have a deficit in both AA and DHA, which might in turn complicate neural development (1, 2, 4, 5).
The crucial role of LCPUFAs in pregnancy led to a series of supplementation trials assessing whether supplementation during pregnancy with LC-PUFA, EPA and DHA, could reduce the occurrence of preterm labor, but the results have been inconsistent (6). A recent meta-analysis, which concluded that omega-3 supplementation during pregnancy does not reduce the incidence of preterm labour or improve neonatal outcome, despite a significant reduction in perinatal death (7). A second meta-analysis, confined to randomized controlled trials (RCT), included two studies that used the criteria of at least one previous preterm labour and a similar FA supplement (DHA and EPA). However, in one study, which showed no benefit of omega-3 supplementation, all participants received weekly intramuscular 17alpha-hydroxyprogesterone caproate (8), which may act to reduce inflammation (9) one of the putative mechanisms through which FA supplementation could reduce preterm labor. However, other meta-analyses of studies in low and high-risk populations showed that low consumption of DHA during pregnancy was associated with a shorter gestation, and in some, higher risk of preterm birth (10-12). 
The lack of consistency in efficacy of LC PUFAs supplementation could be attributed to many reasons. In some, FA supplements were formulated in triglycerides, which may reduce FA bio-availability (13-16) and, in others, supplements were often started in late pregnancy, after 20 weeks and sometimes after 30 weeks of gestation, restricting the opportunity to prolong gestation (7). Universally, supplements have been given to women with no prior assessment of their FA status. The last is particularly important, since Olsen et al observed that the difference between fish-oil and other groups was increased by a low fish intake at baseline (17). This is important, as there is a natural variation of the omega-3 status; for example, in our population, the individual variation of DHA status can be as much as seven fold (18).     
Despite the evidence regarding the important role of omega-3 FA in pregnancy outcomes and fetal development (2, 4, 19), the underlying mechanisms are still not fully understood. The main aim of this study was to assess whether fish oil supplementation in high-risk pregnancies affects MRI brain findings and developmental outcomes in infants. In this paper, we particularly look at the proportions of fatty acids at recruitment and changes during the course of pregnancy and their relation to preterm delivery (PD). We also assess whether supplementation had an effect on length of gestation or the risk of PD.	Comment by Mark R Johnson: Who included this?	Comment by AnnieBelle Sassine: The previous reviewers thought that the aim of the study was to study spontaneous preterm labour and many points were raised with regards to the trial design. 
	
Materials and Methods
Study design and participants
A double blind, randomized controlled study was carried out on a convenience sample of 300 women who booked to deliver at the Chelsea and Westminster Hospital, London. 	Comment by Mark R Johnson: What does this mean?	Comment by AnnieBelle Sassine: According to Prof Crawford, there were no power calculations done to justify the sample size of 300.  A convenience sample is a non-probability sampling method where participants are selected because of their availability or easy access. The disadvantage is that the sample might not represent the population as a whole. This is a limitation which requires the need for a larger study that can be generalized.

Table 1 summarizes the exclusion and recruitment criteria of the trial. Women who were eligible were then categorized as normal healthy controls or high-risk pregnancies based on their blood pressure and past medical history including any previous pregnancy complications. The four arms were summarized as gestational diabetes mellitus (GDM) (n=50), those at risk of preeclampsia (n=100), those at risk of low birth weight (LBW) (n=100), and normal healthy controls (NHC) (n=50). Women were then randomized to receive supplementation of 2 capsules daily of either “DHA-enriched formula” or “placebo” (high oleic acid sunflower seed oil).  The pills looked identical with the active supplement capsule containing 300mg of DHA, 42mg of EPA and 8.4 mg of AA, and the placebo containing 721 mg of oleic acid (Vifor Pharma Switzerland).
Blood was collected at recruitment prior to supplementation, at delivery, and from the cord blood of the neonate at birth. Recruitment blood is available for 266 women. Due to logistic difficulties, not all subjects had maternal and cord blood taken at delivery. 
The blood was then processed and the fatty acids in red blood cell (RBC) were extracted and quantified at recruitment, delivery, and from the cord blood. RBC total FA composition does not change rapidly after dietary changes and can serve as a good marker of long-term dietary intake of fats (20, 21). 
Information on women’s ethnicity, age, height and weight, previous obstetric history, smoking and alcohol consumption were collected through a questionnaire. 
Written informed consent was sought from women prior to participation and all data collected were de-identified to ensure anonymity. The study protocol was approved by The East London Research Ethics Committee. 
Outcome measures
PD (all cause) was defined as gestational age at delivery less than 37 weeks. Preterm delivery due to spontaneous preterm labour  (SPT) was defined as the spontaneous onset of labor culminating in delivery either vaginally or by emergency C-section.  
Fatty acid analysis
Maternal and fetal red blood cells were washed and centrifuged three times. Total erythrocyte fatty acids were extracted by the method of Folch and Stanley (1957) by homogenising the samples in chloroform and methanol (2:1 v/v). Fatty acid methyl esters (FAME) were prepared by heating the lipid fractions with 5ml of 15% acetyl chloride in methanol in a sealed vial at 70C for 3hr under N2. FAMEs were separated by a gas liquid chromatograph fitted with a capillary column (25m X 0·32mm ID, 0·25µ film, BP20). Hydrogen was used as a carrier gas, and the injector, oven and detector temperatures were 235, 210 and 260C. The FAMEs were identified by comparison of retention times with authentic standards and calculation of equivalent chain length values confirmed by mass-spectrometry. Peak areas were quantified by a computer chromatography data system (EZChrom Chromatography Data System, Scientific Software, Inc., San Ramon, CA). In all results, fatty acids are reported as percent of total identified. 
Data analysis
Data were analyzed using Stata/SE 14.1 (StataCorp). Difference in in mean FA proportions between various groups was tested using independent t-tests. For non-normally distributed variables, p-values were obtained from Wilcoxon Rank Sum test. Pearson’s chi square tests were used to test for significance in differences between categorical variables. In order to determine the predictors of preterm birth at recruitment, a stepwise logistic regression was performed and a goodness of fit test was performed to assess how well the model fits. For all statistical tests, a nominal p value less than 0.05 was considered to be statistically significant. 

Results
50 women (18.8 %) had a preterm deliver with 50% of preterm deliveries being attributed to spontaneous preterm labour. Two women withdrew from the study and there were no early or late miscarriages among pregnant women. 
Maternal and neonate FA profile of NHC vs. high-risk pregnancy women
The FA profile of high-risk pregnancy women (GDM, PET, or LBW) compared to that of NHC is displayed in Table 2.  Results show that, at recruitment, no differences were observed in the levels of MUFA, DHA, EPA, AA, or in the ratio of AA/DHA.
At delivery, DHA levels were higher and the ratio of AA/DHA lower in NHC than the high-risk pregnancy group. There were no significant differences in the changes in FA levels between recruitment and delivery between the two groups. In the cord blood, the proportion of EPA was significantly lower and the ratio of AA to DHA was significantly higher in the high-risk pregnancy group. (Table 2)
FA profile of women with term vs PD
Maternal characteristics are shown in Table 3 and are tested for any association with both PD and PD due to spontaneous preterm labour. 
 Age, racial background, maternal height and weight, smoking status, alcohol consumption, and were not associated with PD. Previous history of PD was significantly associated with the risk of SPT.  Women with PD had a significantly higher gestational age at enrollment that term birth women. Surely, both gestational age at delivery and supplement duration (placebo or omega 3) was significantly lower in both PD and SPT. 
Table 4 demonstrates the mean differences in the RBC membrane FA proportions between term birth and PD and between term birth and SPT in maternal blood at recruitment and delivery, and in the cord blood. The results show that at recruitment, mean MUFA proportions in women who had a PD and women who had a SPT were significantly higher, while mean proportions of DHA, AA, and EPA were significantly lower. At delivery, we do not observe any significant differences in the mean FA proportions.	Comment by Mark R Johnson: Is this the overall group or the SPT group?	Comment by AnnieBelle Sassine: Thanks. It’s both
The change in some FA proportions between recruitment and delivery was also related to PD and SPT. In fact, both groups had a significantly lower increase from recruitment to delivery in MUFA proportions compared to term birth and higher increases in AA and EPA.
 The change in maternal DHA proportions was not significant across groups and this could be due to the effect of supplementation, which resulted in a significant increase in blood DHA levels. However, DHA levels in the cord blood were significantly lower in the PD and SPT groups compared to the term group.
Since most of the FA proportions at recruitment were associated with SPT, we categorized them into tertiles of low, medium, and high levels as seen in Table 5. 
Women with MUFA levels in the highest tertile were 3.7 (95% CI 1.7-8.2; p=0.001) times more likely to have a PD and higher odds for SPT [OR= 6.6 (95% CI 1.8-23.8; p=0.004)]. Women in middle tertiles of AA and DHA had a lower risk of having a PD or SPT than those in lower tertiles. 
Predictors of SPT
Stepwise logistic regression was used to investigate the predictors of SPT. The model included the demographic variables, smoking and alcohol status, obstetric history, gestational age at recruitment in addition to being a high-risk pregnancy. MUFA levels at recruitment remained the only significant predictor of SPT, indicating that a higher level of MUFA almost doubled the risk for the occurrence of SPT (OR=1.74, 95% CI 1.34-2.26; p<0.0001). The goodness-of-fit model indicated a good fit (F 231.2, p=0.13). 
MUFA correlates with AA, DHA, and EPA
We ran additional correlations to investigate whether the increase in MUFA levels is related to a deficiency in DHA, AA, or EPA. In fact, MUFA levels at recruitment were negatively correlated with AA (Coef. -0.633, 95% CI -1.21--0.06; p=0.031), DHA (Coef. -0.738, 95% CI -0.94--0.54; p<0.001), and EPA (Coef. -1.76, 95% CI -2.34- -1.18; p<0.001).
Effect of supplementation 
The mean duration of supplementation did not differ between the supplemented and placebo groups [14.5 weeks (95% CI 12.5-16.5) vs.14.2 weeks (95% CI 12.0-16.5); p=0.84]. At recruitment, those who were supplemented did not have different blood proportions of DHA, AA, EPA, and MUFA, and SFA proportions compared to the placebo group.  Supplemented women did not have a longer gestation period than the placebo group, respectively [37.9 weeks (95% CI 37.4-38.4) vs. 38.2 weeks (95% CI 37.7-38.6); p=0.43)]. Also, there was no association between supplementation and PD. 9.7 % of placebo group had SPT compared to 10.9% of the supplemented (p=0.76). 
Table 6 shows the impact of supplementation on the changes in the proportions of fatty acids from recruitment to delivery in mothers and in the neonate cord blood. As shown, supplementation had an effect on maternal and neonatal DHA and EPA levels, significantly increasing both levels. 

Comment
Our study showed that supplementation had a positive impact on improving omega-3 FA levels in the maternal blood and cord blood as it succeeded in increasing baseline levels of DHA and EPA. This is consistent with other studies, which showed that maternal DHA supplementation significantly increased maternal and fetal DHA percentages (22-24). However, this trial, in contrast to others (25, 26), did not support the hypothesis that omega-6 and omega-3 supplementation prevents PD/SPT or prolongs gestation. 
The strength of our study is that it measured blood FA content prior to supplementation and found that during early pregnancy affects the risk for SPT, irrespective of whether a woman is at high-risk of pregnancy complications or not. Women with PD/SPT had a different FA profile at recruitment than women delivering at term, characterized by lower levels of omega-6 and omega-3 essential FA (AA, DHA, and EPA) and higher levels of MUFA. This is consistent with other studies showing that women who gave birth prematurely had significantly lower DHA levels and omega-3/omega-6 ratios than controls at 34 weeks and at delivery (27). Cord blood DHA was significantly lower in preterm infants compared to term infants, which was also observed in a study by Moodley et al, who found lower DHA levels in preterm infants (5).
Another study by Harris et al showed that a 1% increase in RBC DHA at delivery was associated with an increase of 1.6 days of gestation (28). This was not seen in our study, possibly due to the fact that the increase in DHA levels caused by supplementation might not have been large enough to prolong gestation. 
The mechanism through which the maternal FA profile relates to SPT is not clear. A possible explanation could be the modulation of the pregnant woman’s immune response. Certainly, the inflammatory cascade is more active in the face of low levels of the anti-inflammatory omega-3 FA (29) and inflammation is thought to be responsible for many cases of preterm birth (30). This explanation would be consistent with studies that have shown a positive effect on preterm birth rates of increased omega-3 levels (17, 31). 
In addition, new research shows the important roles of AA-derived mediators and omega-3-derived (EPA and DHA) specialized proresolving mediators (SPMs) in the resolution of inflammation (32), suggesting that the inflammatory cascade linked to preterm labour in pregnancy can be potentially resolved if the woman had sufficient EPA , DHA and AA levels.  Furthermore, another study showed that the circulating levels of AA and DHA in preterm infants were low compared to levels normally seen in the third trimester of pregnancy, indicating that deficiency in AA and DHA levels could be related to the occurrence of SPT (33).
Our results showed that women with relatively higher MUFA proportions at recruitment have a higher risk of SPT and this association remained strongly significant after adjustment for all other covariates. Relative increases in red blood cell membrane MUFA levels can reflect a deficiency of essential FA and are a result of increased omega-9 and omega-7 MUFA (34, 35). Consistent with this, our results showed a strong negative correlation between MUFA proportion and omega-6/omega-3 polyunsaturated EFA, indicating that the increase in MUFA is associated with lower AA/EPA/DHA levels.  The effect of MUFA on PD can be attributed to the deficiency of omega-3 in pregnant women. Alternatively, some studies show a strong link between MUFA and oxidative stress (36, 37) and a recent study by Menon et al showed that oxidative stress-induced damage to intrauterine tissues, especially the fetal membranes, could induce preterm labour (38). MUFAs are thought to react with reactive oxygen species to produce lipid-derived peroxides, which increase cell oxidation and generate reactive aldehydes. Consequently, a reduction in MUFA levels has been suggested to improve resistance to oxidative damage (36, 37).  However, these studies have been performed on cell membranes of E-coli and the findings may not be applicable to humans. 
The study did not find associations between maternal MUFA, DHA, AA, EPA levels at delivery and SPT. These findings along with the absence of effect of supplementation on SPT indicate that the baseline FA profile should be assessed prior to any intervention.  The work of Galli et al showed that in order to achieve reliable omega-3 bioavailability studies, participants should be deliberately selected to have low levels of EPA and DHA and should be then given high doses of supplement (39). Future studies are required to confirm these findings and to understand the mechanisms through which different fatty acid proportions could influence the occurrence of PD independently.
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Tables
Table 1: Exclusion and recruitment criteria for trial participants
	Exclusion criteria
	At risk of diabetes
	At risk of preeclampsia
	At risk of low birth weight

	· Women with known allergy to fish and fish oil
· Non-English speaker who decline the use of an interpreter and 
· Those who are unable/unwilling to attend follow up appointments. 
· Women with chronic disease such as HIV, cirrhosis or other chronic liver disease, 
· Hepatitis B and C carriage
· Women previously on regular pre-conceptual fish oil supplement
· Or for different reasons were not able to give competent, written consent

	· Women with established diabetes (Type 1, Type 2, gestational diabetes) 
· Women who are at risk of developing gestational diabetes based on social demographics, ethnicity (more prevalent in Afro-Caribbean and South Asian women in London), family history previous history of gestational diabetes and body mass index (BMI) greater than 30 kg/m2

	· Women with hypertension with diastolic pressure  90mmHg on two separate occasions at least 4 hours apart  + 300mg/L proteinuria in a 24 hour urine collection from 20th week of pregnancy provide booking blood pressure was normal
· Women with severe preeclampsia: diastolic pressure  110 mmHg with significant proteinuria and symptoms such as epigastric pain, visual disturbances and hepatic, renal and hematological abnormalities
	· Women with predisposing factors which include maternal BMI  19 kg/m2, smoking (>5/day), previous intrauterine growth restricted baby, previous PD or maternal pre-existing medical disorders such as thrombophilia, systemic lupus erythematous, renal disease 




Table 2: Red blood cell percent of total fatty acids in NHC vs. high-risk pregnancy women
	
	NHC
(n=41)
	High-risk pregnancy women (GDM, LBW, PET) (n=225)

	At recruitment, mean (95% CI)a  (n=266)
	
	

	MUFA 
	18.6 (18.1-19.2)
	19.1 (18.8-19.3)

	AA 
	12.7 (12.3-13.2)
	12.4 (12.3-12.6)

	DHA 
	4.80 (4.55-5.06)
	4.61 (4.47-4.75)

	EPA 
	0.74 (0.61-0.87)
	0.64 (0.59-0.69)

	SFA 
	39.8 (39.1-40.5)
	40.4 (40.2-40.6)

	AA/DHA
	2.84 (2.75-2.94)
	2.71 (2.57-2.86)

	At delivery, mean (95% CI)a (n=147)
	
	

	MUFA 
	20.3 (19.4-21.2)
	20.2 (19.8-20.6)

	AA 
	10.8 (9.99-11.7)
	11.0 (10.7-11.3)

	DHA 
	5.02 (4.48-5.60)
	4.47 (4.26-4.68)*

	EPA 
	0.57 (0.48-0.67)
	0.51 (0.47-0.56)

	SFA 
	41.9 (40.8-42.9)
	41.7 (41.2-42.3)

	AA/DHA
	2.32 (2.03-2.62)
	2.61 (2.48-2.73)

	Change from recruitment to delivery b, mean (95% CI)a (n=147)
	
	

	MUFA
	1.69 (0.84-2.54)
	1.19 (0.81-1.56)

	AA
	-1.87 (-2.73- -1.01)
	-1.31 (-1.68- -0.94)

	DHA
	0.19 (-0.31-0.69)
	-0.15(-0.36-0.05)

	EPA
	-0.15 (-0.38- -0.18)
	-0.09 (-0.14- -0.04)

	SFA
	2.16 (0.71-3.62)
	1.30 (0.73-1.88)

	AA/DHA
	-0.35 (-0.65- -0.05)
	-0.20 (-0.29- -0.09)

	At cord blood, mean (95%CI)a
(n=106)
	
	

	MUFA 
	15.4 (14.6-16.3)
	15.3 (14.9-15.7)

	AA 
	14.1 (12.7-15.5)
	15.4 (14.7-16.0)

	DHA 
	5.74 (5.07-6.42)
	5.13 (4.80-5.45)

	EPA 
	0.38 (0.31-0.46)
	0.27 (0.24-0.30)**

	SFA 
	48.4 (46.6-50.2)
	49.0 (48.0-50.0)

	AA/DHA
	2.54 (2.27-2.82)
	3.17 (2.99-3.36)***


GDM, Gestational diabetes mellitus; LBW, Low birth weight; MUFA, Monounsaturatedfatty acids; AA, Arachidonic acid; DHA, Docosahexanoic acid; EPA, Eicosapentaenoic acid; SFA, Saturated fatty acids; CI, Confidence intervals; *p <0.05, **p <0.01, and ***p <0.001
a Derived from independent t-tests for comparing means between two groups
bCalculated as mean fatty acid levels at delivery – mean fatty acid levels at recruitment

Table 3: Maternal characteristics and obstetric history of pregnant women in the study
	
	Normal delivery

(n=216)
	All-cause preterm delivery

(n=50)
	Preterm delivery due to spontaneous preterm labour
(n= 25)

	Maternal characteristics
	
	
	

	Age in years, mean (95% CI)
	33.0
(32.3-33.8)
	33.5
(31.9-35.1)
	34.9
(32.9-36.9)

	Weight in kg, mean (95% CI)
	74.8 (72.2-77.5)
	71.3 (66.6-76.1)
	75.0 (67.2-82.7)

	Height in cm, mean (95% CI)
	165 (164-166)
	164 (163-166)
	165(162-167)

	Racial background
	
	
	

	White, n (%)
	101 (48.8)
	25 (52.1)
	12 (52.2)

	Asian, n (%)
	43 (20.8)
	9 (18.8)
	5 (21.7)

	Black, n (%)
	18 (8.7)
	6 (12.5)
	4 (17.4)

	Mixed, n (%)
	45 (21.7)
	8 (16.7)
	2 (8.7)

	Cigarette smoker, n (%)
	14 (6.83)
	7 (14.6)
	4 (17.4) 

	Alcohol consumer, n (%)
	6 (2.94)
	2 (4.2)
	1 (4.4)

	Parity
	
	
	

	Nulliparous, n (%)
	95 (46.1)
	23 (47.9)
	10 (43.5)

	P1, n (%)
	61 (29.6)
	12 (25.0)
	6 (26.1)

	P2, n (%)
	21 (10.2)
	7 (14.6)
	3 (13.0)

	P3 or higher, n (%)
	29 (14.1)
	6 (12.5)
	4 (17.4)

	Obstetric history
	
	
	

	Had at least one previous PD, n (%)
	32 (15.7)
	12 (25.0)
	8 (34.8)* 

	Had at least one previous early miscarriage, n (%)
	61 (29.9)
	15 (31.3)
	10 (43.5)

	Had at least one previous late miscarriage, n (%)
	9   (4.4)
	0 (0)
	0 (0)

	Health status
	
	
	

	Smoker
	14 (6.8)
	7 (14.6)
	4 (17.4)

	Consumption of alcohol
	6 (2.9)
	2 (4.2)
	1 (4.3)

	Classification
	
	
	

	At risk of GDM, n (%)
	36 (16.7)
	9 (18.0)* 
	4 (16.0)* 

	At risk of LBW, n (%)
	60 (27.8)
	25 (50.0)
	16 (64.0)

	At risk of PET, n (%)
	83 (38.4)
	12 (24.0)
	3 (12.0)

	Normal healthy control, n (%)
	37 (17.1)
	4 (8.0)
	2 (8.0)

	Gestational age at enrollment, weeks, mean (95% CI)
	22.5 (21.4-23.6)
	24.9 (22.8-27.1)* (p=0.0322)
	25.0 (21.8-28.1)

	Gestational age at delivery, weeks, mean (95% CI)
	39.1 (38.9-39.2)
	33.7 (32.8-34.6)***
	33.1 (31.6-34.5)***

	Type of intervention
	
	
	

	Supplemented, n (%)
	114 (52.8)
	14 (56.0)
	24 (48.0)

	Placebo, n (%)
	102 (47.2)
	11 (44.0)
	26 (52.0)

	Duration of supplementation 
	
	
	

	Supplemented, n (%)
	16.0 (13.7-18.3)
	8.2 (5.7-10.7)***
	7.5 (3.7-11.3)***

	Placebo, n (%)
	15.5 (13.0-18.0)
	10.1 (5.5-14.7)*
	10.1 (3.8-16.4)


CI Confidence Intervals; *p <0.05, **p <0.01, and ***p <0.001




Table 4: Red blood cell percent of total fatty acids in women with normal delivery vs. women with preterm delivery due to spontaneous preterm labour
	
	Normal delivery
(n=216)
	PD for all causes  (n=50)
	PD due to spontaneous preterm labour (n= 25)

	At recruitment, mean (95% CI) (n=251)
	
	
	

	MUFA b
	18.8 (18.5-19.0)
	20.1 (19.5-20.6)***
	20.3 (19.5-21.1)***

	AA b
	12.6 (12.4-12.8)
	11.9 (11.5-12.4)**
	12.0 (11.4-12.6)*

	DHA b
	4.69 (4.56-4.82)
	4.42 (4.07-4.78)
	4.09 (3.70-4.49)**

	EPA b
	0.67 (0.62-0.72)
	0.57 (0.49-0.66)*
	0.48 (0.38-0.57)**

	SFA b
	40.2 (40.0-40.5)
	40.7 (40.0-41.3)
	40.7 (40.1-41.4)

	AA/DHA
	2.81 (2.72-2.90)
	2.88 (2.66-3.10)
	3.07 (2.78-3.26)

	At delivery, mean (95% CI) (n=138)
	
	
	

	MUFA b
	20.2 (19.8-20.6)
	20.3 (19.5-21.0)
	19.7 (18.5-20.8)

	AA b
	10.9 (10.5-11.3)
	11.3 (10.8-11.8)
	11.6 (11.2-12.1)**

	DHA b
	4.61 (4.36-4.85)
	4.43 (4.12-4.74)
	4.36 (3.98-4.74)

	EPA b
	0.51 (0.46-0.56)
	0.57 (0.48-0.65)
	0.55 (0.42-0.68)

	SFA b
	42.0 (41.5-42.5)
	41.0 (40.1-42.0)
	41.4 (39.5-43.3)

	AA/DHA
	2.52 (2.39-2.65)
	2.68 (2.43-2.94)
	2.83 (2.44-3.23)

	Change between recruitment and delivery c, mean (95% CI)
(n=138)
	
	
	

	MUFA
	1.58 (1.23-1.93)
	0.31 (-0.51-1.13)**
	-0.22 (-1.42-0.98)**

	AA
	-1.68 (-2.07- -1.30)
	-0.52 (-1.11- 0.06)**
	-0.41 (-1.30- 0.47)*

	DHA
	-0.11 (-0.34-0.12)
	-0.04 (-0.32-0.24)
	0.22 (-0.22- 0.66)

	EPA
	-0.13 (-0.18- -0.07)
	-0.03 (-0.10-0.05)*
	0.08 (-0.04-0.20)**

	SFA
	1.82 (1.2-2.45)
	0.28 (-0.65-1.20)**
	0.48 (-1.57- 2.53)

	AA/DHA
	-0.24 (-0.36- -0.13)
	-0.16 (-0.30 - -0.03)
	-0.27 (-0.47- -0.07)

	At cord blood, mean (95%CI)
(n=100)
	
	
	

	MUFA b
	15.3 (14.9-15.7)
	15.5 (14.7-14.4)
	16.1 (14.9-17.4)

	AA b
	15.1 (14.5-15.7)
	15.2 (13.4-16.9)
	16.3(14.3-18.3)

	DHA b
	5.44 (5.12-5.76)
	4.29 (3.69-4.90)**
	4.20 (3.15-5.26)*

	EPA b
	0.29 (0.26-0.32)
	0.26 (0.17-0.36)
	0.33 (0.25-0.41)

	SFA b
	48.8 (47.9-49.7)
	49.4 (46.7-52.1)
	47.2 (43.7-50.7)

	AA/DHA
	2.92 (2.76-3.08)
	3.68 (3.20-4.15)**
	4.11 (3.44-4.78)**


 CI, Confidence intervals; MUFA, Monounsaturated fatty acids; AA, Arachidonic acid; DHA, Docosahexaenoic acid; EPA, Eicosapentaenoic acid; SFA, Saturated fatty acids
a Derived from independent t-tests for comparing means between two groups
b Expressed as percent of total fatty acids
c Calculated as mean fatty acid levels at delivery – mean fatty acid levels at recruitment 
*p <0.05, **p <0.01, and ***p <0.001

Table 5: Associations between tertiles of fatty acids at recruitment and preterm delivery as well as SPT (n=251)
	
	Preterm birth-all causes
Crude OR (95% CI)
	Preterm delivery due to spontaneous preterm labour 
Crude OR (95% CI)

	MUFA
	
	

	Lower tertile
	1.0 (Referent)
	1.0 (Referent)

	Middle tertile
	1.23 (0.50-3.02)
	2.39 (0.60-9.60)

	Upper tertile
	3.69 (1.66-8.17)** 
	6.58 (1.82-23.78)* 

	AA
	
	

	Lower tertile
	1.0 (Referent)
	1.0 (Referent)

	Middle tertile
	0.40 (0.19-0.86)*
	0.24 (0.07-0.76)*

	Upper tertile
	0.44 (0.21-0.94)*
	0.43 (0.16-1.12)

	DHA
	
	

	Lower tertile
	1.0 (Referent)
	1.0 (Referent)

	Middle tertile
	0.29 (0.13-0.66)*
	0.32 (0.12-0.87)*

	Upper tertile
	0.57 (0.28-1.16)
	0.24 (0.07-0.75)*

	EPA
	
	

	Lower tertile
	1.0 (Referent)
	1.0 (Referent)

	Middle tertile
	0.60 (0.29-1.28)
	0.32 (0.12-0.87)*

	Upper tertile
	0.67 (0.32-1.40)
	0.24 (0.07-0.75)*


MUFA, Monounsaturatedfatty acids; AA, Arachidonic acid; DHA, Docosahexaenoic acid; EPA, Eicosapentaenoic acid; SFA, Saturated fatty acids; OR, Odds ratio, CI Confidence Interval
a P-values were derived from univariate logistic regressions , *p <0.05, **p <0.01, and ***p <0.001

Table 6:  Changes in mean percentages of total FA levels a from recruitment to delivery in relation to supplementation
	
	Placebo
	Supplemented 

	Change in FA levels between recruitment and delivery
	
	

	MUFA 
	1.59 (1.09-2.08)
	0.96 (-0.50-1.41)

	AA 
	-1.52 (-2.01- -1.04)
	-1.29 (-1.75- -0.83)

	DHA 
	-0.61 (-0.86- -0.35)
	0.44 (0.21-0.67)***

	EPA 
	-0.17 (-0.23- -0.10)
	-0.04 (-0.1- 0.02)*

	SFA 
	1.93 (1.11-2.76)
	0.96 (0.30-1.61)

	At cord blood, mean (95%CI)
(n=100)
	
	

	MUFA 
	15.4 (15.0-15.8)
	15.2 (14.7-15.8)

	AA 
	15.2 (14.4-16.1)
	15.0 (14.1-15.8)

	DHA 
	4.96 (4.59-5.33)
	5.56 (5.10-6.02)*

	EPA 
	0.26 (0.23-0.30)
	0.32 (0.28-0.36)*

	SFA 
	48.9 (47.6-50.2)
	48.8 (47.7-49.9)


Monounsaturated fatty acids; AA, Arachidonic acid; DHA, Docosahexaenoic acid; EPA, Eicosapentaenoic acid; SFA, Saturated fatty acids
a Derived from independent t-tests for comparing means between two groups
*p <0.05, **p <0.01, and ***p <0.001

