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Abstract
EPA andDHA are essential for maternal and fetal health, but epidemiological data are sparse in China.We examined the trends of EPA alone and
a combination of EPA plus DHA in pregnant and lactating women in three distinct geographic regions in China and explored their potential
influencing factors. A total of 1015 healthy women during mid-pregnancy, late pregnancy or lactation were recruited from Weihai (coastland),
Yueyang (lakeland) and Baotou (inland) cities of China between May and July of 2014. Maternal EPA and DHA concentrations (percentage of
total fatty acids) in plasma and erythrocytes were measured by capillary GC. Adjusted EPA plus DHA concentrations in both plasma and eryth-
rocytes significantly declined from mid-pregnancy (2·92 %, 6·95 %) to late pregnancy (2·20 %, 6·42 %) and lactation (2·40 %, 6·29 %)
(Ptrend< 0·001); and both concentrationswere highest in coastland, followed by lakeland, and lowest in inland (P< 0·001). Regarding EPA alone,
the concentrations were higher in women during lactation or late pregnancy and in women in coastland and inland areas. Moreover, concen-
trations of EPA or EPA plus DHA were higher in women with older age, higher education, higher annual family income per capita and higher
dietary intake of marine aquatic product and mutton. In lactating women, erythrocyte EPA concentration was higher in those having breast-
feeding partially v. exclusively. In conclusion, maternal plasma and erythrocyte concentrations of EPA plus DHA or EPA alone differed with
geographic regions, physiological periods andmaternal characteristics, indicating a need of population-specific health strategies to improve fatty
acids status in pregnant and lactating women.
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Adequate EPA (20:5n-3) and DHA (22:6n-3), exerting important
effects on neurological and immunological systems, have been
linked to longer gestation, improved perinatal outcomes and bet-
ter neuro-/visual development in offspring(1–4). EPA and DHA
depletion likely happen to pregnant or lactating women, due
to increased demands for maternal deposition and fetal or infant
development(5,6). EPA and DHA predominantly depend on
dietary intake, since they are not sufficiently converted in vivo.
For example, the conversion rate from α-linolenic acid (ALA,
18:3n-3) to EPA is approximately 21 % and 9 % to DHA(7). EPA
and DHA are abundant in aquatic products, especially in marine
fish oils and flesh of oily fish, with per 100 g containing approx-
imately 133mg of EPA plus DHA(8). WHO and FAO of the United
Nations recommended a minimum intake of 300 mg EPA plus
DHA per day for pregnant and lactating women(9,10).

However, the maternal EPA plus DHA intakes in most coun-
tries were lower than the recommendation and differed signifi-
cantly across countries(11–14). The intakes in American and
Canadian pregnant women were 98 mg/d and 160 mg/d, respec-
tively(13,14) andwere 220mg/d and 135mg/d for Dutch women in
early pregnancy and lactation, respectively(11,12). Maternal intakes
were even less in developing countries(15,16). Insufficient dietary
intake can lead to poor DHA and EPA status. The concentrations
of a combination of DHA plus EPA in erythrocytes, also called n-3
index, were 5·5% for early/mid-pregnant women in Belgium(17),
7·1% for late pregnant women in Italy(18) and 6·4% and 5·5% for
late pregnant and lactating women in Germany, respectively(19),
all lower than the optimal range 8–11%(20).

The concentration varied with physiological stages. Studies
from Germany, Japan and the USA consistently showed a
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decreasing trend of DHA plus EPA concentration from preg-
nancy to postpartum(19,21,22), but not for EPA alone. The EPA con-
centration decreased in British, Spanish and Japanese
women(21,23,24), but increased in African-American women or
Dutch women, from mid- or late pregnancy to postpartum(12,22),
suggesting disparities of EPA status in different population and
geographic regions. For Chinese women, especially for lactating
women, little is known about the EPAor EPA plusDHA status. To
our knowledge, besides our previous study on DHA status in
pregnant and lactating women(25), only one Chinese study has
examined the DHA and EPA status in 138 pregnant women(26).

Therefore, the purposes of the present study were to (1)
investigate the concentrations and trends of EPA plus DHA
and EPA alone in pregnant and lactating women living distinct
regions of China and (2) evaluate potential factors that could
influence the concentrations.

Subjects and methods

Subjects

In this cross-sectional study, women during mid-pregnancy
(17 ± 2 gestational weeks), late pregnancy (39 ± 2 gestational
weeks) or lactation (42 ± 7 d postpartum) were recruited while
attending a prenatal or postnatal care visit betweenMay and July
of 2014 in hospitals in three cities of China: Weihai (coastland),
Yueyang (lakeland) and Baotou (inland), which has been
described in detail elsewhere(25,27,28). The eligibility criteria of
study participants were (1) generally healthy women aged 18–
35 years who have not been diagnosedwith cardiovascular, met-
abolic, renal diseases or mental disorder; (2) having a singleton
pregnancy or delivering a healthy singleton who was currently
breastfed and (3) local residents of one of the three cities.
Women were excluded if they were (1) suffering from severe
vomiting after 16 weeks of gestation; (2) being allergic to fish,
shrimp, shellfish or other foods enriched with DHA; (3) having
severe heart, liver, kidney or lung disorders or serious mental
health problems or (4) participating in another research study
within previous 30 d. A total of 1254 women during pregnancy
or lactation were initially enrolled, forty-three women were
excluded due to failure tomeet inclusion criteria. For this present
analysis, women with EPA below the limit of detection (0·01 %
for EPA weight percentage of total fatty acids, n 196)(29,30) were
further excluded and 1015 were finally included in the analysis
(online Supplementary Fig. 1).

The study protocol was approved by the Institutional Review
Board/Human Subjects Committee at Peking University Health
Science Center (IRB00001052–14 012). All women were
informed about the study procedures and gave signed informed
consent.

Baseline data and blood sample collection

During enrollment, each woman completed a self-administered
questionnaire containing information on characteristics related
to birthdate, ethnicity, education, height, pre-pregnancy weight
and parity. For pregnant women, gestational age at enrolment

was calculated by subtracting the date of last menstrual period
from date of enrolment. For lactatingwomen, self-reported infor-
mation on gestational age at delivery, delivery mode and breast-
feeding mode was collected and checked against medical
records by trained obstetricians or nurses.

Dietary information over the past month was collected using
a newly designed, electronic, DHA-specific, semi-quantitative
FFQ, as described previously(27,28,31). The FFQ was developed
originally to capture all DHA-containing foods mentioned in
China Food Composition Table (Version 2009)(32), including
marine aquatic products (seventy-five items such as mackerel,
lobster and crab), freshwater aquatic products (thirty-eight items
such as carp, shrimp and river crab) and mutton. For each food
item, the standard portion size with nine options ranging from
25 g to 250 g and the frequency of consumption with twelve
options ranging from ‘once per month’ to ‘three times per day’
were categorised. The average daily dietary intake was calcu-
lated as converting the reported frequency of consumption to
per day, and thenmultiplying by the average amount of that food
per time. Additional dietary information on the formula contain-
ing DHA was also collected.

A fasting venous blood sample (about 5 ml) was taken from
each woman and collected into EDTA-containing tubes.
Detailed methods for blood processing, storage and transporta-
tion have been described in our previous studies(25,27,28). In brief,
all blood samples were kept in a refrigerator at 5°C for approx-
imately 30 min before plasma, erythrocyte were separated by
centrifugation at 3000 g for 10min and the erythrocytes were fur-
ther washed out with 0·9 % (w/v) saline. Then the plasma and
erythrocyte specimens were immediately stored at –20°C in
the local hospitals for about 10 d before being transferred on
dry ice to the central laboratory and stored at –80°C until analysis.

Fatty acid analysis

The fatty acid analysis has been described in detail previously(25).
The total lipids were extracted from plasma and erythrocyte
specimens according to a modified method described by
Folch et al.(33) and were analysed to determine fatty acids con-
centrations using Agilent 6890N capillary gas chromatography
(Agilent Technologies). The specimensweremixedwith internal
standard solution containing methyl undecanoate (C11:0), then
with boron trifluoride and methanol. The mixture was heated at
115°C for 20 min, subsequently cooled to room temperature and
extracted with n-hexane. Finally, the n-hexane-containing
methyl esters of total lipids were analysed by capillary GC
equipped with a capillary column (CP-Sil 88, 50 m, 0·25 mm
i.d., 0·20 μm film) and a flame ionisation detector at 280°C.
The injector temperature was held at 250°C (split ratio of 1:5).
The oven temperature was programmed 2°C /min from 120°C
to 166°C, held there for 10 min, then temperature-programmed
2°C/min to 200°C and held there for 10 min. Fatty acids were
individually identified by comparing with reference standards,
and related data were collected by the Agilent Open LAB soft-
ware (Agilent Technologies). The relative concentrations of
EPA and DHA were expressed as their percentages of total fatty
acids.
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Statistical analysis

Categorical variables were expressed as frequency (percentage)
and continuous variables as mean (standard deviation). χ2 test or
ANOVA was used to compare maternal characteristics among
physiological period and geographic region. Logarithmic trans-
formations were applied to normalise skewed distributions in
concentrations of EPA plus DHA and EPA alone. Values were
back-transformed by exponentiating and presented as geometric
mean (GM) with 95 % CI. Multivariable linear regression models
were used to test the differences in adjusted GM of EPA plus
DHA and EPA concentrations across categories of physiological
period, geographic region and other socio-demographic charac-
teristics, and post hoc Bonferroni tests were further used for
multiple comparisons.

Multivariable linear regression models were also used to
explore potential influencing factors for EPA plus DHA and
EPA concentrations. The variables in multivariable models
included maternal age (18·0–24·9, 25·0–29·9 and 30·0–34·9
years), education (middle school or less, high school and college
or above), ethnicity (Han and others), annual family income per
capita (< 30 000, 30 000–50 000 and≥ 50 000 Yuan), parity (nul-
liparous and multiparous), pre-pregnancy BMI (< 18·5, 18·5–
23·9 and≥ 24·0 kg/m2), physiological period (mid-pregnancy,
late pregnancy and lactation), geographic region (coastland,
lakeland and inland) and dietary intake (low and high) of aquatic
products, mutton and formula (yes and no); delivery mode (vag-
inal delivery and cesarean delivery) and breast-feeding mode
(exclusive breast-feeding and partial breast-feeding) were addi-
tionally included in the models for lactating women. A sensitivity
analysis where EPA concentrations below the limit of detection
were imputed using the value of the half limit of detection
(0·005 %) was performed(29,30), and the results were similar to
those in the available data analysis (online Supplementary
Table 1). To explore the coherence of the results, stratified analy-
ses were performed according to physiological period and geo-
graphic region, respectively.

To reveal the relationships of logarithmic plasma with eryth-
rocyte EPA plus DHA and EPA alone, multivariable fractional
polynomial models with generalised linear regression were
performed(34,35). Because the nonlinear relationships and multi-
variable fractional polynomial-algorithm-based inflection points
were observed, separate linear regression with knot values of
1·3 % for logarithmic EPA plus DHA and 0·3 % for EPA in eryth-
rocytes that were then conducted.

All analyses were performed using SPSS version 24.0 (IBM;
Corp), and a two-side P< 0·05 was considered as statistically
significant.

Results

Maternal characteristics

The mean age of the 1015 pregnant and lactating women was
27·7 ± 3·0 (range, 18·8 to 35·0) years. Women residing in lake-
land v. those in coastland and inland areas were more likely
to be younger, to have lower education, higher annual family
income per capita and lower pre-pregnancy BMI (P< 0·01).

Women in inland v. those in coastland and lakeland areas were
more likely to be ethnic minority and to have had a cesarean sec-
tion (P< 0·01). Details of maternal characteristics according to
geographic region and physiological period are presented in
Table 1.

Concentrations of EPA plus DHA and EPA alone

Overall, the GM (95 % CI) of EPA plus DHA and EPA concentra-
tions were 2·56 % (1·39, 4·72 %) and 0·31 % (0·08, 1·29 %) in
plasma and 6·63 % (4·23, 10·39 %) and 0·40 % (0·18, 0·90 %) in
erythrocytes, respectively. The concentrations significantly var-
ied by geographic regions (Table 2). The adjusted GM of EPA
plus DHA concentrations in both plasma and erythrocytes were
highest in coastland area (2·87 %, 2·70, 3·05 %; 7·40 %, 7·07,
7·75 %), followed by lakeland (2·39 %, 2·25, 2·54 %; 6·62 %,
6·34, 6·92 %) and lowest in inland (2·25 %, 2·13, 2·38 %;
5·72 %, 5·49, 5·96 %) (Ptrend< 0·001), whereas the adjusted GM
for EPA concentrations in plasma and erythrocytes were higher
in inland (0·33 %, 0·29, 0·38 %; 0·43 %, 0·40, 0·47 %) and coast-
land areas (0·30 %, 0·26, 0·35 %; 0·42 %, 0·39, 0·46 %), as com-
pared with those in lakeland (0·23 %, 0·20, 0·27 %; 0·36 %,
0·33, 0·39 %) (P< 0·001).

The concentrations also differed by physiological periods
(Table 2). The adjusted GM (95 % CI) of EPA plus DHA concen-
trations in plasma and erythrocytes decreased from mid-preg-
nancy (2·92 %, 2·76, 3·07 %; 6·95 %, 6·68, 7·23 %) to late
pregnancy (2·20 %, 2·09, 2·33 %; 6·42 %, 6·16, 6·68 %) and lacta-
tion (2·40 %, 2·27, 2·54 %; 6·29 %, 6·03, 6·56 %) (Ptrend < 0·001). In
contrast, the EPA concentrations did not show significantly linear
trends from pregnancy through lactation, with a higher plasma
concentration in lactating women and a higher erythrocyte con-
centration in late-pregnant women. The patterns of EPA plus
DHA and EPA concentrations by physiological periods were
consistently observed in strata of geographic regions (Fig. 1).
The multivariable linear regression models on the associations
of EPA plus DHA and EPA with geographic region and physio-
logical period showed similar results (Table 3).

The adjusted GM of EPA plus DHA and EPA concentrations
were higher in women with older age, higher educational status,
higher annual family income per capita, higher dietary intakes of
marine aquatic product and higher dietary intakes of mutton
(Table 2). Consistently, the multivariable linear regression mod-
els showed positive associations of the concentrations with
maternal age, educational status, annual family income per cap-
ita, dietary intakes of marine aquatic product and mutton
(Table 3). Most of the associations persisted across pregnancy
and lactation (online Supplemental Table 2). During lactation,
maternal EPA concentration in erythrocytes appeared lower in
women who exclusively breastfed their infants as compared with
those who partially breastfed (online Supplemental Table 2).

Relationship of plasma with erythrocyte EPA plus DHA
and EPA alone

The relationship between logarithmic plasma and erythrocyte
concentrations of EPA plus DHAwas J-shaped (P< 0·01 for non-
linearity, power p= 1 and q= 2), with a nadir at 1·3 % of
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erythrocyte EPA plus DHA, whereas the relationship for EPA
concentrations was inversely J-shaped (P< 0·01 for nonlinearity,
power p= 1 and q= 3), with an apex at 0·3 % of erythrocyte EPA
(Fig. 2). In the segmented analysis based on inflection point, a
significant linear relationship was observed in women with
erythrocyte EPA plus DHA concentration≥ 1·3 % (n 999;
β= 1·01, P< 0·001) but not in those with the concentration
< 1·3 % (n 16; adjusted β= –0·14, P= 0·71), and observed in
women with erythrocyte EPA concentration< 0·3 % (n 1002;
β= 1·08, P< 0·001), but not in those with the concentration
≥ 0·3 % (n 13; adjusted β= –1·84, P= 0·62). Similar linear pattern
persisted in most subgroups stratified by physiological periods
and geographic regions (online Supplementary Table S3).

Discussion

In this large cross-sectional study in China, maternal EPA plus
DHA concentrations in both plasma and erythrocytes were
higher in the coastland/lakeland than in the inland and decreas-
ing from mid-pregnancy to late pregnancy and lactation.
Maternal EPA concentrations also varied by physiological peri-
ods but with different trends in plasma and erythrocytes, as con-
centration in plasma was higher in lactating women, while
concentration in erythrocytes was higher in late-pregnant
women. Regarding geographic variations, the EPA concentra-
tions in both plasma and erythrocytes were higher in the inland

and coastland v. in the lakeland. In addition, maternal age, edu-
cation, annual family income per capita and breast-feeding
mode were also related to the concentrations of EPA plus
DHA or EPA alone.

The decreasing trends in EPA plus DHA concentrations from
mid-pregnancy to lactation in our Chinese population were con-
sistent to the findings from German, Japanese and the American
women(19,21,22), which was probably attributed to the change in
DHA status(23,25), a dominant contributor to the sum of EPA plus
DHA. This decline in maternal DHA concentrations has been
suggested to be due to the transfer from the mother to fetus
via placenta during pregnancy or to infants via breast milk during
lactation, tomeet offspring demands for development(12,36,37). An
alternate possibility is that the decline might be related to lipoly-
sis of hepatic de novo lipogenesis and adipose tissue that accom-
panies the diminished insulin sensitivity during pregnancy,
which might cause a lower concentration of EPA plus
DHA(38). Unlike the sum of EPA plus DHA, the concentration
of EPA alone in plasma was higher in lactation while the concen-
tration in erythrocytes was higher in late pregnancy in the study.
The inconsistent pattern in plasma and erythrocyteswas possibly
because EPA in erythrocytes reflects intakes aggregated over the
lifespan of∼120 d(39). Several studies reported a decreasing trend
of plasma EPA concentration throughout pregnancy in British
and Japanese women(21,23) and for erythrocyte EPA concentra-
tions in Spanish women(24). Nevertheless, some previous studies
reported that the maternal EPA concentrations both in plasma

Table 1. Maternal characteristics by geographic region and physiological period*
(Numbers and percentages; mean values and standard deviations)

Characteristics

Coastland Lakeland Inland

Mid-preg-
nancy

Late preg-
nancy Lactation

Mid-preg-
nancy

Late preg-
nancy Lactation

Mid-preg-
nancy

Late preg-
nancy Lactation

n % n % n % n % n % n % n % n % n %

Number of participants 110 108 95 113 131 135 95 102 126
GA (week)/PP (day) at enrol-

ment
17·6 1·4 37·9 0·9 42·7 2·4 17·4 1·3 38·4 1·0 41·7 4·1 17·3 2·1 38·9 1·2 42·2 3·9

Age (year) 27·9 2·5 28·3 2·8 28·4 2·6 26·8 3·1 27·1 3·2 27·1 3·0 27·9 2·9 28·5 3·3 28 3·0
Ethnicity

Han 107 97·3 107 99·1 91 95·8 111 98·2 128 97·1 132 97·8 78 82·1 96 94·1 115 91·3
Others 3 2·7 1 0·9 4 4·2 2 1·8 3 2·3 3 2·2 17 17·9 6 5·9 11 8·7

Education
College or above 81 73·6 72 66·7 68 71·6 53 46·9 80 61·1 84 62·2 76 80·0 67 65·7 90 71·4
High school 17 15·5 27 25·0 18 18·9 42 37·2 32 24·4 32 23·7 11 11·6 17 16·7 26 20·6
Middle school or less 12 10·9 9 8·3 9 9·4 18 15·9 19 14·5 19 14·1 8 8·4 18 17·7 10 7·9

Annual family income per cap-
ita (Yuan)
< 30 000 30 27·3 26 24·1 69 72·6 67 59·3 67 51·2 89 65·9 43 45·3 49 48·0 74 58·7
30 000–50 000 46 41·8 43 39·8 24 25·3 28 24·8 25 19·1 25 18·5 25 26·3 25 24·5 36 28·6
≥ 50 000 34 30·9 39 36·1 2 2·1 18 15·9 39 19·8 21 15·6 27 28·4 28 27·5 16 12·7

Parity
Nulliparous 99 90·0 102 94·4 84 88·4 85 75·2 104 79·4 110 81·5 82 86·3 69 67·6 110 87·3
Multiparous 11 10·0 6 5·6 11 11·6 28 24·8 27 20·6 25 18·5 13 13·7 33 32·4 16 12·7

Pre-pregnancy BMI (kg/m2) 20·9 2·8 21·3 2·6 21·9 3·3 20·2 2·4 19·8 1·9 20·1 2·9 21·1 2·8 21·4 2·8 21·1 3·1
Delivery mode

Vaginal delivery – – 77 81·1 – – 79 58·5 – – 46 36·5
Cesarean delivery – – 18 18·9 – – 56 41·5 – – 80 63·5

Feeding mode
Exclusive breastfeeding – – 48 50·5 – – 87 64·4 – – 75 59·5

Partial breastfeeding – – 47 49·5 – – 48 35·6 – – 51 40·5

* The en dash in subgroups of delivery mode and feeding mode represents unavailable information.
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Table 2. Geometric mean (95% CI) of EPA plus DHA and EPA concentrations (%) by maternal characteristics*
(Mean values and 95 % confidence intervals)

Variables

Crude mean (95% CI) Adjusted mean (95% CI)

Plasma EPA plus
DHA

Erythrocyte EPA
plus DHA Plasma EPA Erythrocyte EPA

Plasma EPA plus
DHA

Erythrocyte EPA plus
DHA Plasma EPA Erythrocyte EPA

Crude
mean 95% CI

Crude
mean 95% CI

Crude
mean 95% CI

Crude
mean 95% CI

Adjusted
mean 95% CI

Adjusted
mean 95% CI

Adjusted
mean 95% CI

Adjusted
mean 95% CI

Geographic region
Inland 2·27 2·20,2·35a 5·81 5·68,5·93a 0·36 0·33,0·39b 0·44 0·42,0·46b 2·25 2·13,2·38a 5·72 5·49,5·96a 0·33 0·29,0·38b 0·43 0·40,0·47b

Lakeland 2·45 2·38,2·53b 6·55 6·42,6·69b 0·26 0·24,0·27a 0·34 0·33,0·36a 2·39 2·25,2·54b 6·62 6·34,6·92b 0·23 0·20,0·27a 0·36 0·33,0·39a

Coastland 3·05 2·96,3·15c 7·69 7·52,7·87c 0·34 0·32,0·37b 0·44 0·42,0·46b 2·87 2·70,3·05c 7·40 7·07,7·75c 0·30 0·26,0·35b 0·42 0·39,0·46b

P < 0·001 < 0·001 < 0·001 < 0·001 < 0·001 < 0·001 < 0·001 < 0·001
Physiological period
Mid-pregnancy 3·04 2·94,3·13c 7·11 6·94,7·29c 0·31 0·28,0·33b 0·40 0·38,0·41b 2·92 2·76,3·07c 6·95 6·68,7·23c 0·28 0·24,0·32a 0·39 0·36,0·43a

Late pregnancy 2·30 2·23,2·38a 6·57 6·42,6·73b 0·25 0·23,0·27a 0·42 0·40,0·44b 2·20 2·09,2·33a 6·42 6·16,6·68b 0·23 0·20,0·26a 0·42 0·38,0·45b

Lactation 2·44 2·36,2·51b 6·27 6·12,6·41a 0·39 0·37,0·42c 0·39 0·37,0·40a 2·40 2·27,2·54b 6·29 6·03,6·56a 0·37 0·32,0·42b 0·40 0·36,0·43b

P < 0·001 < 0·001 < 0·001 < 0·001 < 0·001 < 0·001 < 0·001 < 0·001
Age
< 25 2·48 2·37,2·60 6·37 6·15,6·59a 0·29 0·26,0·33 0·38 0·36,0·41a 2·48 2·33,2·64 6·38 6·09,6·68a 0·30 0·25,0·35 0·41 0·37,0·45
25·0–29·9 2·57 2·51,2·63 6·65 6·53,6·77b 0·31 0·29,0·33 0·40 0·39,0·41b 2·46 2·33,2·59 6·48 6·24,6·73a 0·28 0·24,0·32 0·39 0·36,0·42
≥ 30 2·59 2·49,2·70 6·76 6·56,6·97b 0·33 0·30,0·36 0·42 0·40,0·45b 2·53 2·39,2·68 6·78 6·50,7·07b 0·28 0·24,0·32 0·40 0·37,0·44
P 0·350 0·031 0·308 0·045 0·361 0·008 0·535 0·399

Education
Middle school or less 2·43 2·30,2·57 6·30 6·05,6·56a 0·27 0·24,0·31a 0·38 0·36,0·41a 2·43 2·28,2·59 6·41 6·11,6·72 0·26 0·22,0·31b 0·40 0·36,0·44
High school 2·56 2·45,2·66 6·64 6·44,6·84b 0·29 0·27,0·32a 0·38 0·36,0·40a 2·51 2·37,2·66 6·62 6·34,6·91 0·29 0·25,0·33a 0·39 0·36,0·43
College or above 2·59 2·53,2·65 6·68 6·57,6·80b 0·33 0·31,0·35b 0·41 0·40,0·43b 2·53 2·40,2·66 6·61 6·37,6·87 0·31 0·27,0·35a 0·41 0·38,0·45
P 0·120 0·030 0·011 0·008 0·387 0·283 0·046 0·264

Ethnicity
Han 2·57 2·52,2·62b 6·65 6·55,6·75b 0·31 0·30,0·33 0·40 0·39,0·41 2·58 2·49,2·67 6·59 6·42,6·77 0·33 0·30,0·36 0·42 0·40,0·44
Others 2·35 2·15,2·56a 6·17 5·79,6·57a 0·27 0·22,0·33 0·39 0·35,0·44 2·40 2·22,2·61 6·50 6·12,6·90 0·29 0·20,0·31 0·39 0·34,0·43
P 0·041 0·024 0·151 0·627 0·072 0·618 0·054 0·141

Annual family income
per capita (Yuan)
< 30 000 2·51 2·44,2·57 6·48 6·35,6·61a 0·31 0·30,0·33 0·38 0·37,0·40a 2·49 2·37,2·62 6·53 6·29,6·78 0·28 0·25,0·32 0·39 0·36,0·42b

30 000–50 000 2·63 2·54,2·73 6·76 6·58,6·94b 0·32 0·29,0·35 0·43 0·41,0·45b 2·48 2·34,2·62 6·52 6·26,6·79 0·28 0·24,0·33 0·41 0·38,0·45a

≥ 50 000 2·60 2·50,2·71 6·81 6·61,7·02b 0·30 0·27,0·33 0·42 0·39,0·44b 2·50 2·36,2·66 6·58 6·30,6·88 0·29 0·25,0·34 0·40 0·37,0·44a

P 0·070 0·005 0·639 0·001 0·908 0·849 0·914 0·045
Parity
Nulliparous 2·58 2·53,2·63 6·69 6·58,6·79b 0·31 0·30,0·33 0·40 0·39,0·41 2·49 2·37,2·61 6·66 6·42,6·91 0·27 0·24,0·31 0·40 0·37,0·43
Multiparous 2·47 2·36,2·59 6·33 6·11,6·55a 0·31 0·27,0·34 0·40 0·37,0·42 2·49 2·35,2·65 6·43 6·15,6·72 0·30 0·25,0·35 0·41 0·37,0·44
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Table 2. (Continued )

Variables

Crude mean (95% CI) Adjusted mean (95% CI)

Plasma EPA plus
DHA

Erythrocyte EPA
plus DHA Plasma EPA Erythrocyte EPA

Plasma EPA plus
DHA

Erythrocyte EPA plus
DHA Plasma EPA Erythrocyte EPA

Crude
mean 95% CI

Crude
mean 95% CI

Crude
mean 95% CI

Crude
mean 95% CI

Adjusted
mean 95% CI

Adjusted
mean 95% CI

Adjusted
mean 95% CI

Adjusted
mean 95% CI

P 0·100 0·004 0·694 0·793 0·908 0·616 0·228 0·564
Pre-pregnancy BMI

(kg/m2)
< 18·5 2·55 2·44,2·66 6·45 6·25,6·66 0·29 0·27,0·32a 0·37 0·35,0·39a 2·55 2·41,2·70 6·52 6·25,6·80 0·27 0·23,0·31 0·38 0·35,0·42
18·5–23·9 2·56 2·51,2·62 6·67 6·57,6·79 0·31 0·30,0·33a 0·41 0·39,0·42b 2·47 2·36,2·59 6·56 6·33,6·79 0·27 0·24,0·31 0·41 0·38,0·44
≥ 24·0 2·57 2·40,2·76 6·62 6·29,6·96 0·38 0·32,0·44b 0·43 0·40,0·47b 2·45 2·28,2·63 6·56 6·22,6·92 0·31 0·26,0·37 0·42 0·37,0·46
P 0·954 0·175 0·026 0·005 0·299 0·933 0·279 0·120

Marine aquatic
product
Low 2·34 2·29,2·40a 6·15 6·04,6·27a 0·30 0·28,0·32a 0·38 0·36,0·39a 2·46 2·34,2·59a 6·39 6·15,6·65a 0·27 0·23,0·30a 0·38 0·36,0·42a

High 2·79 2·72,2·87b 7·12 6·98,7·26b 0·33 0·31,0·35b 0·43 0·41,0·44b 2·52 2·39,2·66b 6·70 6·45,6·97b 0·31 0·27,0·35b 0·42 0·39,0·45b

P < 0·001 < 0·001 0·048 < 0·001 < 0·001 0·001 0·005 0·002
Fresh aquatic product
Low 2·58 2·51,2·66 6·70 6·55,6·84 0·32 0·30,0·34 0·42 0·41,0·44b 2·46 2·34,2·59 6·57 6·32,6·83 0·28 0·24,0·32 0·40 0·37,0·44
High 2·54 2·47,2·60 6·56 6·44,6·68 0·31 0·29,0·33 0·38 0·37,0·39a 2·52 2·39,2·66 6·52 6·27,6·78 0·29 0·26,0·34 0·40 0·37,0·43
P 0·356 0·153 0·554 < 0·001 0·232 0·556 0·193 0·865

Mutton
Low 2·48 2·39,2·57a 6·34 6·18,6·51a 0·29 0·28,0·31a 0·38 0·36,0·39a 2·49 2·36,2·62 6·46 6·22,6·71 0·28 0·25,0·32 0·38 0·35,0·41a

High 2·60 2·55,2·66b 6·77 6·66,6·88b 0·36 0·33,0·39b 0·46 0·44,0·48b 2·49 2·35,2·64 6·64 6·36,6·93 0·29 0·25,0·33 0·42 0·39,0·46b

P 0·022 < 0·001 < 0·001 < 0·001 0·91 0·12 0·906 0·006
Formula
No 2·58 2·52,2·63 6·75 6·58,6·93 0·26 0·24,0·28a 0·38 0·36,0·4a 2·50 2·39,2·63 6·51 6·29,6·75 0·29 0·25,0·33 0·40 0·37,0·43
Yes 2·51 2·42,2·61 6·59 6·48,6·70 0·33 0·31,0·35b 0·41 0·4,0·42b 2·48 2·33,2·63 6·58 6·3,6·87 0·28 0·24,0·33 0·41 0·37,0·44
P 0·28 0·135 < 0·001 0·006 0·63 0·529 0·653 0·479

* Values in a column that do not share a common superscript letter differed with the use of Bonferroni-correction procedures for multiple comparisons: a< b< c, P< 0·05. P values for crude and adjusted geometric means are from univariate
and multivariable linear regression, respectively, adjusted for maternal age, education, ethnicity, annual family income per capita, parity, pre-pregnancy BMI, physiological period, geographic region and dietary intakes of aquatic product,
mutton and formula.
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and erythrocytes significantly increased from mid- or late preg-
nancy to postpartum in African-American women and Dutch
women, similar to our findings(12,22). These results suggested that
the synthesis and metabolism of EPA and DHA in vivomight fol-
low different mechanisms from pregnancy to lactation(12). As
pregnancy progresses, the efficiency at converting ALA to EPA
was 12- to 29-fold higher than that at ALA to DHA(40,41). Given
that the metabolic pathway of ALA-to-DHA was mediated by
EPA, the limited capacity for EPA conversion might be con-
strained severely for DHA conversion(7).

The erythrocyte EPA plus DHA concentrations in our popu-
lation (6·63 %) was higher than African-American (< 4·23 %)(22),
Chilean (< 6·0 %)(42) and German women (6·23 %)(19), whereas
lower than Norwegian (> 6·8 %)(43) and Japanese women
(> 7·53 %)(6). The erythrocyte EPA concentration in our popula-
tion (0·40 %) was substantially lower than those aforementioned
women (0·55 % to 1·03 %) except for African-American women
(< 0·35 %). The inconsistent results were likely due to different
population or region.

A recent review included 298 original studies from fifty-four
countries/regions found that the EPA plus DHA concentration in
healthy adults was> 8 % in coastal countries surrounding Sea of
Japan or adjoining Scandinavia, but< 4 % in countries like USA,
Brazil or Africa(44). Similarly, we found higher EPA plus DHA
concentrations in coastland and lakeland areas v. inland.We also
found that maternal EPA concentration in inland area was similar

to coastland but higher than those in lakeland, inconsistent with
a European study that reported higher maternal EPA concentra-
tion in coastal countries than in land countries(5). The different
patterns in EPA by geographic regionswas possibly due to differ-
ent dietary habits. In our study, higher intake of mutton was
linked to higher erythrocyte EPA concentration, and the inland
women was recruited from Inner Mongolia where mutton was
commonly consumed(27), likely increasing the exogenous intake
of EPA. The EPA content in mutton is approximately 100 mg per
100 g, higher than those in aquatic products even in somemarine
aquatic products (e.g. mantis shrimp, 66 mg/100 g, shrimp,
39·6mg/100 g and clam, 22mg/100 g). In addition,mutton is also
rich in ALA (39·6 mg per 100 g of mutton), possibly enhancing
the endogenous conversion of EPA(45). In addition, our study
was conducted during the fish close season (from 1 May to
1 September), which might limit acquisition of aquatic products
and EPA intake for coastland/lakeland women.

Our study also showed that EPA plus DHA and EPA concen-
trations were associated withmaternal age and education, which
was consistent with previous studies(46,47). A recent review indi-
cated that older maternal age and higher educational level were
related to higher n-3 long-chain PUFA concentrations(46). The
associations of DHA and EPA with maternal socio-demographic
characteristics could be partly explained by the difference in
consumption profiles of foods enriched with fatty acids or sup-
plements. A large birth cohort study on Chinese, Malay, and

Fig. 1. Geometric mean (95% CI) of EPA plus DHA and EPA concentrations (%) by geographic region across physiological periods. , Mid-pregnancy; , late preg-
nancy; , lactation
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Table 3. Regression coefficient (β) and 95% confidence interval (95% CI) of EPA plus DHA and EPA concentrations by maternal characteristics*
(Regression coefficient and 95% confidence interval)

Variables

Plasma EPA plus DHA Erythrocyte EPA plus DHA Plasma EPA Erythrocyte EPA

Crude Adjusted Crude Adjusted Crude Adjusted Crude Adjusted

β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI

Geographic region

Inland Ref Ref Ref Ref Ref Ref Ref Ref

Lakeland 0·08† 0·03, 0·12† 0·06† 0·00, 0·12† 0·12† 0·09, 0·1† 0·15† 0·10, 0·19† –0·34† –0·44, –0·23† –0·36† –0·51, –0·20† –0·25† –0·31, –0·19† –0·18† –0·27, –0·10†

Coastland 0·29† 0·25, 0·34† 0·24† 0·19, 0·30† 0·28† 0·25, 0·31† 0·26† 0·22, 0·30† –0·04 –0·15, 0·07 –0·09 –0·22, 0·05 –0·01 –0·06, 0·06 –0·01 –0·09, 0·10

Physiological period

Mid–pregnancy Ref Ref Ref Ref Ref Ref Ref Ref

Late pregnancy –0·28† –0·32, –0·23† –0·28† –0·32, –0·24† –0·08† –0·11, –0·04† –0·08† –0·11, –0·05† –0·21† –0·31, –0·10† –0·22† –0·32, –0·11† 0·06† 0·00, 0·13† 0·06† 0·00, 0·12†

Lactation –0·22† –0·26, –0·18† –0·19† –0·23, –0·15† –0·13† –0·16, –0·09† –0·10† –0·13, –0·07† 0·25† 0·15, 0·36† 0·27† 0·16, 0·38† –0·03 –0·09, 0·04 0·01 –0·05, 0·07

Age

< 25 Ref Ref Ref Ref Ref Ref Ref Ref

25·0–29·9 0·03 –0·02, 0·09 –0·01 –0·06, 0·04 0·04† 0·01, 0·08† 0·02 –0·02, 0·05 0·05 –0·07, 0·18 –0·07 –0·19, 0·05 0·04 –0·03, 0·11 –0·04 –0·11, 0·03

≥ 30 0·04 –0·02, 0·11 0·02 –0·04, 0·08 0·06† 0·01, 0·11† 0·06 0·02, 0·10† 0·11 –0·03, 0·26 –0·06 –0·22, 0·09 0·10† 0·01, 0·18† –0·02 –0·11, 0·07

Education

Middle school or less Ref Ref Ref Ref Ref Ref Ref Ref

High school 0·05 –0·02, 0·12 0·04 –0·02, 0·09 0·05† 0·01, 0·10† 0·04 0·00, 0·08 0·08 –0·07, 0·24 0·08 –0·07, 0·23 –0·01 –0·11, 0·07 –0·03 –0·11, 0·06

College or above 0·06† 0·00, 0·12† 0·03 –0·03, 0·09 0·06† 0·02, 0·10† 0·04† 0·00, 0·08† 0·19† 0·05, 0·33† 0·15† 0·01, 0·29† 0·07 –0·01, 0·15 0·03 –0·06, 0·11

Ethnicity

Han Ref Ref Ref Ref Ref Ref Ref Ref

Others –0·09 –0·18, 0·01 –0·07 –0·15, 0·01 –0·07 –0·14, 0·01 –0·01 –0·07, 0·04 –0·15 –0·26, 0·06 –0·27 –0·47, 0·00 –0·03 –0·15, 0·09 –0·09 –0·20, 0·03

Annual family income per capita

< 30 000 Ref Ref Ref Ref Ref Ref Ref Ref

30 000–50 000 0·04 0·01, 0·07 0·00 –0·04, 0·03 0·01† –0·10, 0·12† 0·00 –0·03, 0·03 0·11 0·05, 0·17 0·00 –0·10, 0·10 0·11 0·05, 0·17 0·06 0·00, 0·12

≥ 50 000 0·05† 0·02, 0·09† 0·00 –0·04, 0·05 –0·05† –0·16, 0·07† 0·01† 0·00, 0·04† 0·08† 0·02, 0·15† 0·02 –0·09, 0·13 0·08 0·02, 0·15 0·03 –0·03, 0·10

Parity

Nulliparous Ref Ref Ref Ref Ref Ref Ref Ref

Multiparous –0·04 –0·09, 0·01 0·00 –0·05, 0·05 –0·06† –0·09, –0·02† –0·03 –0·07, 0·00 –0·02 –0·14, 0·10 0·08 –0·05, 0·21 –0·01 –0·08, 0·06 0·02 –0·05, 0·10

Pre-pregnancy BMI

< 18·5 Ref Ref Ref Ref Ref Ref Ref Ref

18·5–23·9 0·01 –0·04, 0·06 –0·03 –0·07, 0·01 0·03 0·00, 0·07 0·01 –0·03, 0·04 0·06 –0·06, 0·17 0·02 –0·09, 0·12 0·09† 0·03, 0·16† 0·06 0·00, 0·12

≥ 24·0 0·01 –0·07, 0·09 –0·04 –0·11, 0·03 0·03 –0·03, 0·09 0·01 –0·05, 0·06 0·26† 0·07, 0·45† 0·14 –0·04, 0·32 0·15† 0·05, 0·26† 0·08 –0·02, 0·19

Marine aquatic product

Low Ref Ref Ref Ref Ref Ref Ref Ref

High 0·17† 0·14, 0·21† 0·08† 0·04, 0·12† 0·15† 0·12, 0·17† 0·05† 0·02, 0·07† 0·09† 0·00, 0·18† 0·14† 0·04, 0·24† 0·13† 0·08, 0·18† 0·09† 0·03, 0·15†

Fresh aquatic product

Low Ref Ref Ref Ref Ref Ref Ref Ref

High –0·02 –0·06, 0·02 0·02 –0·01, 0·06 –0·02 –0·05, 0·01 –0·01 –0·04, 0·02 –0·03 –0·12, 0·06 0·06 –0·03, 0·16 –0·10† –0·15, –0·05† 0·00 –0·06, 0·05

Mutton

Low Ref Ref Ref Ref Ref Ref Ref Ref

High –0·05† –0·09, –0·01† 0·00 –0·04, 0·05 –0·07† –0·09, –0·04† 0·03 –0·01, 0·06 0·21† 0·11, 0·30† 0·01 –0·11, 0·13 0·20† 0·15, 0·25† 0·10† 0·03, 0·17†

Formula

No Ref Ref Ref Ref Ref Ref Ref Ref

Yes –0·03 –0·07, 0·02 –0·01 –0·05, 0·03 0·02 –0·01, 0·06 0·01 –0·02, 0·04 –0·23† –0·33, –0·12† –0·03 –0·14, 0·09 –0·07† –0·14, –0·01† 0·02 –0·04, 0·09

* P values for crude and adjusted β coefficients are from univariate and multivariable linear regression, respectively, adjusted for maternal age, education, ethnicity, annual family income per capita, parity, pre-pregnancy BMI, physiological
period, geographic region and dietary intakes of aquatic product, mutton and formula.

† The values represents P< 0·05.
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Indian pregnant women showed that the n-3 long-chain PUFA
concentrations were positively correlated to maternal age(48),
presumably because the women who chose to deliver children
later v. earlier in life were more likely to have a higher socioeco-
nomic status and have healthier dietary habits. A nationwide
study comprising 15 407 American adults also indicated that
higher education level was associated with better overall dietary
profiles and higher consumption of sea foods enrichedwith fatty
acids(49). Our study also found that maternal EPA concentration
in erythrocytes appeared lower in lactating women having
breastfeeding exclusively v. partially, possibly due to more
secretion of EPA into breast milk. Although no study has exam-
ined the association of breastfeeding mode with maternal n-3
long-chain PUFA status, a cross-sectional study in Hungary
showed that erythrocyte EPA concentration was lower in infants
breastfed exclusively v. partially(47).

Non-linear relationships were observed between plasma and
erythrocyte EPA plus DHA and EPA concentrations, with inflec-
tion points of erythrocyte concentrations at 1·3 % for EPA plus
DHA and 0·3 % for EPA alone. When erythrocyte EPA plus
DHA≥ 1·3 % (adjusted β= 1·01) or erythrocyte EPA< 0·3 %
(adjusted β= 1·08), the relations between plasma and erythro-
cyte concentrations were linear; whereas no significant relation
observed when erythrocyte EPA plus DHA< 1·3 % (n 16) or
EPA≥ 0·3 % (n 13), possibly due to the small samples in these
strata. One interpretation of inflection points was that erythro-
cytes could serve as a reservoir for fatty acids, likely transporting
them through dynamic interaction with plasma when maternal
fatty acids levels were lower or higher(50). On the other hand,
the sample storage at –20°C might cause degradation of fatty
acids, in particular in those with lower concentrations (such as
EPA), thus leading to a flawed estimate deviated from the true
linear relation(51,52). Caution is needed when interpreting these
results.

The present cross-sectional study in China, to the best of our
knowledge, firstly investigated the concentrations of EPA alone

and in combinationwithDHA and explored their potential deter-
minants including geographic regions, periods of pregnancy and
lactation, and maternal socio-demographic characteristics. The
data collection and fatty acids measurements were performed
by trained research personnel, following a standard protocol.
The relatively large sample size provided accurate estimates
for discrepancy and allowed for subgroup analyses. Several lim-
itations of this study should be considered. First, potential selec-
tion bias may have occurred because the women were recruited
in hospitals that were responsible for antenatal visit in urban
areas. Second, because of the cross-sectional nature of the study
design, casual inferences could not be made. Third, the mean
EPA and DHA concentrations might be somewhat underesti-
mated due to temporary storage of blood samples at –20°C.
Finally, data on other potential confounders such as duration
of living in the current residence were not collected.

Conclusion

In summary, maternal plasma and erythrocyte concentrations of
EPA plus DHA and EPA alone differed with geographic regions,
physiological periods and maternal characteristics, indicating a
need of population-specific health strategies to improve fatty
acids status in pregnant and lactating women. Further studies
are warranted to elucidate themechanisms underlying the afore-
mentioned variations in EPA and DHA.
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