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Abstract

Preterm birth is the leading cause of perinatal mortality and morbidity. Some prospective cohort studies suggested that fish and shellfish con-
sumption may affect the incidence of preterm birth. However, conflicting evidence exists on the relationship between fish and shellfish con-
sumption and preterm birth. A total of 10 179 women from Gansu province were interviewed after delivery to collect information on their past
intake of fish and shellfish using FFQ. Logistic regression models were used to estimate OR and 95 % CI to examine the association between fish
and shellfish consumption and preterm birth and its clinical subtypes. Fish and shellfish consumption was associated with reduced risk of pre-
term birth (OR = 0-65, 95 % CI 0-56, 0-77). Increasing frequency of fish and shellfish consumption, compared with no fish and shellfish con-
sumption, was associated with decreasing odds of preterm birth. Besides, increasing weekly total amount of fish and shellfish
consumption, compared with no fish and shellfish consumption, was also associated with decreasing odds of preterm birth. Significant trend
effect was also seen between fish and shellfish consumption and very preterm birth (Pg; grena =0-001) and spontaneous preterm birth (P,
wend = 0-003). Interaction was observed between total fish and shellfish consumption with maternal age (Pro; interaction = 0-041) and pre-preg-
nancy BMI underweight (Pro; interaction = 0-012). Our findings showed that maternal fish and shellfish consumption was associated with lower
incidence of preterm birth.We recommend for the national guideline of >350 g/week of fish and shellfish consumption among pregnant women.
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Preterm birth is defined as delivery before 37 weeks of gestation.
It is a leading cause of perinatal mortality and morbidity and is
associated with a higher risk of metabolic, neurological and
CVD in adulthood™?®. Preterm birth is the second largest
cause of child deaths under 5 years, with an estimated inci-
dence of 11-1% worldwide and 7-1% in China in the year
2020, Several literature reviews have identified a series of risk
factors for preterm birth, including older maternal age, a history
of preterm birth, maternal chronic infection, short cervix, short
interpregnancy interval, multiple pregnancy, smoking, work-
ing more than 40 h/week, heavy lifting during pregnancy
and maternal malnutrition®®789101D 1n fact, maternal nutri-
tional imbalance may be a key factor in preterm birth®V,
Recent studies have found that, during pregnancy, increased
intake of fish and shellfish and the elongated 7-3 PUFA con-
tained therein may promote longer gestation and prevent
preterm birth?.

Fish and shellfish are important sources of essential
nutrients, including protein, Se, iodine, vitamin D and
long-chain PUFA. Fish and shellfish contain a large amount

of n-3 PUFA, which is classified as an essential fatty acid and
is essential for the development of membranes and new tissues.
Moreover, 7-3 PUFA only comes from the maternal diet>319,
Several prospective cohort studies have consistently shown the
protective roles of fish and shellfish consumption in preventing
preterm birth, with women who had higher fish and shell-
fish consumption showing decreased risk of preterm
birth(12151617.18.19) "The dietary guidelines for pregnant women
by the Chinese Society of Nutrition recommend that seafood
should be consumed 350-525 g/week during the second and
third trimester of pregnancy®”. However, the extent to which
fish and shellfish consumption plays a role in shaping preg-
nancy outcomes is unclear, as evidence regarding maternal
consumption and birth outcomes is inconclusive. Some clinical
trials and studies found that fish and shellfish consumption was
not associated with preterm birth?12223:242% while others sug-
gested that fish and shellfish consumption reduced the risk of
preterm birth@®,

Most of these studies were conducted in coastal countries

(16,18) Q2D

such as Denmark!*!'>  Norway France and other
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European countries!” or coastal states such as Massachusetts in
the USA®?, where people consumed a large amount of fish. On
the contrary, Lanzhou is an inland city where people consumed
relatively less fish®”. Results from Western coastal areas may not
be generalised to the Chinese inland urban population as a
whole. In light of the inconsistent results on the association
between fish and shellfish consumption and preterm birth, as
well as different fish and maternal habits in fish consumption,
it is both important and urgent to assess fish and shellfish con-
sumption during pregnancy and its impact on preterm birth in
a Chinese population.

The aim of this study was to determine how the consump-
tion of fish and shellfish during pregnancy affected the risk of
preterm birth. We hypothesised that higher intake of fish and
shellfish was associated with lower risk of preterm birth. We
also classified preterm birth into moderately preterm and very
preterm in addition to spontaneous and medically indicated
preterm birth and explored their associations with fish and
shellfish intake.

Methods
Population and study design

The retrospective study was conducted during 2010-2012 in the
Gansu Provincial Maternity and Child Care Hospital, the largest
maternity and childcare hospital in Lanzhou, China®®. The target
population was pregnant women who came to the hospital for
delivery, aged 18 years or older, with no history of mental illness
and with gestational ages > 20 completed weeks. Among the
14 535 pregnant women who came to the hospital for delivery,
176 were excluded because of being younger than 18 years, or
with mental illness, or with gestational weeks of <20, leading to
14 359 eligible women approached for study participation.
Among those 14 359 women approached, 3712 refused to par-
ticipate and 105 did not complete in-person interviews, leading
to a total of 10 542 pregnant women (73-4 %) who completed the
questionnaire. After exclusion of multiple births and still births,
10 179 women having singleton live birth were included in the
study (Fig. .

All study procedures were approved by the human investiga-
tion committees at the Gansu Provincial Maternity and Child Care
Hospital. Eligible women were informed of study procedure
upon their arrival at the hospital for delivery. After obtaining writ-
ten consent, trained study interviewers conducted in-person
interviews at the hospital using a standardised and structured
questionnaire. All questionnaires were interviewer-adminis-
tered. The majority of women (84 %) were interviewed within
1 to 3 d after delivery. Eligible women were interviewed using
a standardised and structured questionnaire to collect informa-
tion on demographic, environmental and lifestyle factors. On
the other hand, information on birth outcomes and maternal
complications was extracted from medical records.

Dietary assessment

An FFQ was administered at enrollment to inquire about partic-
ipants’ dietary habits since the start of pregnancy and the

prevalence of various food consumption including fish and
shellfish. Fish and shellfish consumption was assessed by three
items, ‘salt-water fish (hairtail, etc.)’, ‘fresh-water fish (carp, etc.)’
and ‘shellfish (shrimp, crabs, mussels, etc.)’. Intake of any
amount of fish and shellfish is defined as fish and shellfish con-
sumption. For each fish and shellfish item, participants were asked
about both the frequency and the amount (g) of each item. The
frequency item asked whether participants eat fish and shellfish
consumption on a daily basis, weekly basis or monthly basis
and further asked how many times they eat based on their choice
of daily, weekly or monthly consumption (‘never’, ‘how many
times per day’, ‘how many times per week’ and ‘how many times
per month"). The frequency was further categorised into three fre-
quency groups: never, < 1 time/week and > 2 times/week. A total
fish and shellfish amount was calculated by multiplying the fre-
quency and amount of each item. Based on the recommendations
of Chinese Nutrition Society®”, the total fish and shellfish amount
was further classified into three categories: never, < 350 g/week
and > 350 g/week. Details of fish and shellfish consumption
assessment items on the FFQ were shown in Supplementary
File S1.

Preterm birth

Preterm birth was defined as delivery before 37 completed
weeks of gestation. Preterm birth was further categorised into
late preterm (34-< 37 weeks), moderately preterm (32-< 34
weeks), very preterm (28-< 32 weeks) and extremely preterm
(< 28 weeks) based on the gestational age at delivery, which
was calculated from the first day of the last menstrual period®”.
To improve statistical efficiency, we combined late preterm and
moderately preterm into moderate preterm group and very pre-
term and extremely preterm into very preterm group. In addi-
tion, preterm birth was categorised based on clinical
presentations: spontaneous preterm birth and medically indi-
cated preterm birth. Spontaneous preterm birth refers to sponta-
neous onset of labour or labour following preterm premature
rupture of membranes. Medically indicated preterm birth refers
to delivery induced for medical reasons, such as pre-eclampsia,
intrauterine growth restriction or fetal distress®%3V.

Other variables

Maternal height and pre-pregnancy weight were used to com-
pute maternal BMI (kg/m?) before pregnancy, which was cate-
gorised as underweight (BMI < 18-5 kg/m?), normal weight (18-5
kg/m? < BMI < 24 kg/m?) and overweight and obesity (BMI > 24
kg/m?) using the standard of Working Group on Obesity in
China®?. Women with underweight, overweight and obesity
were all grouped into abnormal BMI group. The list of covariates
for the multivariate models included maternal age (<25, 25-29,
30-34 and > 35 years), education level (<9, 10-15 and > 16 years),
monthly income (RMB < 2000, 2000-4000 and > 4000 yuan), parity
(nulliparous or parous), gestational diabetes (yes or no), gestational
hypertension (yes or no), adequate physical activities during
pregnancy (physical activities no <30 min at > 3 times/week),
passive smoking during pregnancy (yes or no), multi-vitamin
and protein supplement intake during pregnancy (yes or no, col-
lected from the FFQ) and total energy intake (continuous variable).
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Fig. 1. Associations between fish and shellfish consumption and risk of preterm birth.

Statistical analysis

Statistical significance was assessed with the y? tests for all cat-
egorical variables. Unconditional logistic regression models
were used to estimate OR and 95 % CI for the associations of fish
and shellfish consumption with preterm birth and its clinical sub-
types. Specifically, we used the category of ‘Never (no fish and
shellfish consumption)’ as the reference for all analyses. In
addition, we adjusted for joint confounding by including the
variables (see covariate list) as explanatory variables simultane-
ously in the models. Py, reng Was obtained by incorporating the
categorical variables as linear terms in the models. All P values
were two-sided and defined to be significant at P < 0-05. All
statistical analyses were performed with IBM SPSS Statistics
for Macintosh (Version 25.0, IBM Corp.).

Results
Descriptive statistics

Consumption of any fish and shellfish was reported by 829 %
(n 8441) of women, while 17-1 % (7 1738) of women reported
no fish and shellfish intake in our study. The median energy
intake calculated by the FFQ was 1613-94 kcal, with the 25th
and 75th percentile being 1347 kcal and 1906 kcal, respectively.
The overall proportion of preterm birth in the study population
was 10-01% (7 1019), comprising 81-8 % (1 833) of moderate
preterm births and 18:2% (7 186) of very preterm births. Of
all preterm deliveries, 33-2 % (1 338) were medically indicated
preterm births and 66-8% (7 681) were spontaneous preterm
births.

Maternal socio-demographic characteristics differed in fish
and shellfish consumption. As shown in Table 1, women who
never consumed fish and shellfish during pregnancy were more
likely to be younger than 25 years (n 419), with education
years <9 (n 702) and household income of < 2000 yuan (12 651)
compared with women who ever consumed fish and shellfish.
Table 1 also shows the distributions of selected characteristics

<I time/week 22 times/week <350 g/week 2350 g/week

Total amount of fish and
shellfish consumption*

Frequency of total fish and
shellfish consumption*

in women with preterm and full-term deliveries. Maternal age
younger than 25 years or older than 35 years, lower education,
lower income, multipara, passive smoking, gestational diabetes
and hypertension during pregnancy were associated with
increased risk of preterm birth.

Fish and shellfish consumption (total and by type)

Fish and shellfish consumption was associated with decreased
risk of preterm birth (OR =0-65, 95 % CI 0-56, 0-77, Table 2 &
Fig. 1. When we examined fish and shellfish consumption by
types, significant associations were remained for freshwater fish
intake (OR=0-73, 95% CI 0-61, 0-87), shellfish intake
(OR =0-45, 95 % CI 0-26, 0-76), as well as any two or three kinds
of fish intake (OR = 0-61, 95 % CI 0-51, 0-73), but not for saltwater
fish. After stratification by subtypes, similar associations were
found for subtypes of preterm birth, when fish and shellfish types
were examined (shown in Table 3).

Frequency of fish and shellfish consumption

For fish and shellfish consumption frequency, we observed a
decrease in the risk of preterm birth with increasing frequency
of fish and shellfish intake. Increasing frequency of fish and
shellfish consumption, compared with no fish and shellfish con-
sumption, was associated with decreasing odds of preterm birth:
for < 1 time/week, OR = 0-74 (95 % CI 0-63, 0-89); for > 2 times a
week, OR=0-57 (95 % CI 0-48, 0-68). The Piy trena Was 0-023
(Table 2 & Fig. 1. Similar trend patterns were also observed
for very preterm birth (Pg; yeng = 0-007, Table 3) and spontane-
ous preterm birth (Po; (rend = 0-006, Table 3).

Weekly amount of total fish and shellfish consumption

We also examined the weekly amount of total fish and shellfish
consumption, as shown in Table 2 and Fig. 1. Only 1087 out of
10 179 (10-7 %) women consumed a total amount of fish and
shellfish above the recommended 350 g/week by the Chinese
Nutrition Society, which is a very low rate. Increasing weekly
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Table 1. Description of study population by fish and shellfish consumption and by preterm birth

(Numbers and percentages)

Fish and shellfish consumption

Birth outcome

Preterm Full term
Ever (n 8441) Never (n 1738) (n1019) (n9160)
Maternal characteristics n % n % P n % n % P
Age (years)
<25 1215 144 419 241 < 0-001 242 237 1392 15.2 < 0-001
25-29 4159 493 696 400 363 356 4492 49.0
30-34 2302 27-3 416 239 265 26-1 2453 26-8
>35 765 91 207 11.9 149 14.6 823 90
Education (years)
<9 1536 18-2 702 404 <0-001 396 389 1842 201 < 0-001
10-15 3400 40-3 577 33-2 378 371 3599 39-3
> 16 3399 40-3 380 219 223 219 3556 388
Missing 106 1-3 79 4.5 22 22 163 1-8
Monthly income (Yuan)
< 2000 1770 21.0 651 375 < 0-001 375 36-8 2046 223 < 0-001
2000-4000 4159 493 624 359 428 42.0 4286 46-8
> 4000 2302 273 227 131 134 132 1937 211
Missing 737 87 236 13-6 82 8.0 891 9.7
Parity
Nulliparous 6281 744 1068 614 < 0-001 615 60-4 6734 735 < 0-001
Parous 2160 256 670 38:6 404 396 2426 265
Pre-pregnancy BMI (kg/m?)
<185 1741 20-6 285 164 0-059 189 185 1837 20-1 0-013
18.5-23.9 5640 66-8 1079 621 638 626 6081 66-3
>24 903 107 182 10-5 133 13-1 952 10-4
Missing 157 1.9 192 10-5 59 5.8 290 32
Active smoking during pregnancy
No 8372 992 1722 991 0-667 1009 99.0 9085 992 0-589
Yes 69 0-8 16 09 10 1.0 75 0-8
Passive smoking during pregnancy
No 6847 81-1 1390 80-0 0-271 787 77-2 7450 81-3 0-002
Yes 1594 18-9 348 200 232 22-8 1710 187
Alcohol drinking during pregnancy
No 8424 998 1734 998 0-810 1015 996 9143 998 0-167
Yes 17 02 4 02 4 0-4 17 0-2
Adequate physical activities during pregnanc*
No 1217 144 407 234 < 0-001 178 175 1446 15-8 0-164
Yes 7224 85-6 1331 76-6 841 82-5 7714 84.2
Take multi-vitamin supplement during pregnancy
No 6570 778 1509 86-8 < 0-001 869 853 7210 787 < 0-001
Yes 1871 22.2 229 132 150 14.7 1950 21-3
Take protein supplement during pregnancy
No 8325 98-6 1725 99-3 0-034 1012 99-3 9038 98-7 0-081
Yes 116 1.4 13 07 7 07 122 1.3
Gestational diabetes
No 8354 99.0 1722 991 0-676 1002 983 9074 991 0-027
Yes 87 1.0 16 09 17 1.7 86 09
Pregnancy hypertension disease
No 8068 95-6 1587 913 < 0-001 846 830 8809 96-2 < 0-001
Yes 373 4.4 151 87 173 17.0 351 3-8
Baby sex
Male 4465 52-9 909 52-3 0-651 562 552 4812 52.5 0-112
Female 3976 471 829 477 457 44.8 4348 475

* Adequate physical activities refer to physical activities no < 30 min at > 3 times/week.

total amount of fish and shellfish consumption, compared with
no fish and shellfish consumption, was also associated with
decreasing odds of preterm birth: for < 350 g/week, OR = 0-67
(95% CI 0-57, 0-78); for>350 g/week, OR=0-57 (95% CI
0-43, 0-74). The Py, wena Was 0-011. Significant trend effect
was also seen between weekly total amount of fish and shellfish
consumption and very preterm birth (Pro; gena = 0-001) and
spontaneous preterm birth (Pro; treng = 0-003).

Considering only a small portion of pregnant women con-
sumed over 350 g/week of fish and shellfish, we further categor-
ised fish and shellfish consumption based on quartiles and did
a similar analysis. As shown in Table 2, compared with the <14
g/week fish and shellfish consumption, only the
75-176 g/week (OR: 0-67, 95% CI 0-57, 0-79) and the
>176 g/week (OR: 0-54, 95% CI 0-43, 0-67) consumption
groups were associated with decreasing odds of preterm birth,
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Table 2. Associations between fish and shellfish consumption and risk of preterm birth
(Numbers and percentages; odd ratio and 95 % confidence intervals)

Preterm birth (n 1019)

Seafood consumption n n OR 95 % ClI P
Never 1738 286 1
Ever 8441 733 0-65 0-56, 0-77 < 0-001
Types of fish and shellfish
Freshwater fish only 3490 352 0-73 0-61, 0-87 0-001
Salt water fish only 55 9 0-99 0-48, 2.05 0-986
Shellfish only 236 17 0-45 0-26, 0-76 0-003
Mixed fish 4660 355 0-61 0-51, 0-73 < 0-001
Frequency of total fish and shellfish consumption
< 1 time/week 3571 377 074 0-63, 0-89 0-001
> 2 times/week 4870 356 0-57 0-48, 0-68 < 0-001
Pfor trend 0-023
Total amount of fish and shellfish consumption
< 350 g/week 7354 655 0-67 0-57, 0-78 <0-001
> 350 g/week 1087 78 0-57 0-43, 0-74 <0-001
Pfor trend 0-011
The quartiles of the total fish and shellfish consumption
< 14 g/week 2557 392 1
14-75 g/week 2785 285 0-80 0-63, 1-03 0-084
< 75>176 g/week 2294 169 0-67 0-57, 0-79 < 0-001
> 176 g/week 2543 173 0-54 0-43, 0-67 < 0-001
Por trend 0-003

Adjusted for maternal age, educational level, monthly family income, parity, hypertensive disorder during pregnancy, gestational diabetes, pre-pregnancy BMI, smoking (active and
passive smoking) during pregnancy, physical activities during pregnancy, multi-vitamin and protein supplement intake during pregnancy and total energy intake.

Table 3. Associations between fish and shellfish consumption and preterm birth by length of gestation and cause
(Numbers and percentages; odd ratio and 95 % confidence intervals)

Length of gestation Cause

Moderate preterm Medically indicated

(n 833) Very preterm (n 186) (n 338) Spontaneous (n 681)
Fish and shellfish consumption n n OR 95 % ClI n OR 95 % Cl n OR 95 % ClI n OR 95 %Cl
Never 1738 227 1 59 1 119 1 167 1
Ever 8441 606 067 056,080 127 059 041,080 219 0-56 043,074 514 076 0-58, 0-85
Types of fish and shellfish
Freshwater fish only 3490 288 073 060, 0-89 64 064 044,092 113 065 048,088 239 077 0-62, 0-95
Saltwater fish only 55 8 087 057,133 1 052 0-07, 3-97 2 053 013,221 7 098 0-56, 2-98
Shellfish only 236 14 0-48 0-27, 0-85 3 034 0-12, 1-30 2 059 0-33, 1-10 15 0-18 0-04, 0-72
Mixed fish 4660 296 063 052,077 59 052 0-35,074 102 048 0-35,066 253 065 0-53, 0-82
Frequency of fish and shellfish
< 1 time/week 3571 302 0-75 0-62, 0-90 75 067 047,096 102 0-56 041,077 275 078 0-63, 0-95
> 2 times/week 4870 304 0-61 0-50, 0-74 52 0-34 024,058 117 0-56 041,076 239 052 0-42, 0-65
Pror trend 0-059 0-007 0-804 0-006
Total amount of fish and shellfish
< 350 g/week 7354 538 0-68 057,081 117 048 0-35,0-67 193 0-52 040,068 462 071 0-59, 0-87
> 350 g/week 1087 68 061 0-46, 0-82 10 029 015,059 26 0-50 0-31, 0-79 52 0-59 0-42, 0-82
Pror trend 0-125 0-001 0-780 0-003

Adjusted for maternal age, educational level, monthly family income, parity, hypertensive disorder during pregnancy, gestational diabetes, pre-pregnancy BMI, smoking (active and
passive smoking) during pregnancy, physical activities during pregnancy, multi-vitamin and protein supplement intake during pregnancy and total energy intake.

analysis through logistic regression (Table 4). Interaction was
observed between total fish and shellfish consumption with
maternal age (Pro; interaction = 0-041) and pre-pregnancy BMI
underweight (Pyo; interaction = 0:012), but not with pre-pregnancy
BMI overweight (Pro; interaction = 0-173). Significant decreased

while the 14-75 g/week consumption group showed no sig-
nificant difference.

Fish and shellfish consumption and preterm birth by

maternal age and BMI

We further analysed whether maternal age, pre-pregnancy BMI
underweight and pre-pregnancy BMI overweight were effective
modifiers of fish and shellfish consumption using interaction

risk of preterm birth was associated with fish and shellfish con-
sumption among women who were aged 30 years or older
(OR=0-71, 95% CI 0-55, 0-91) and those who had pre-preg-
nancy BMI underweight (OR =0-61, 95 % CI 0-49, 0-76).
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Table 4. Associations between total fish consumption and preterm birth by maternal age (n 10 179) and pre-pregnancy BMI (n 9830)

(Numbers and percentages; odd ratio and 95 % confidence intervals)

Preterm birth

Fish consumption n n % OR 95 % Cl
Maternal age > 30

Never consumed fish 623 109 175 1

Ever consumed fish 3067 305 9.9 0-71 0-55, 0-91
Maternal age < 30

Never consumed fish 1115 177 159 0-76 0-54, 1-08

Ever consumed fish 5374 428 80 0-48 0-36, 0-66
Interaction P value 0-041
Pre-pregnancy BMI underweight

Never consumed fish 294 42 14.3 1

Ever consumed fish 1780 153 86 0-61 0-49, 0-76
Pre-pregnancy BMI normal

Never consumed fish 1070 165 15.4 0-81 0-59, 1-11

Ever consumed fish 5606 468 8-3 0-59 0-49, 0-71
Interaction P value 0-012
Pre-pregnancy BMI overweight

Never consumed fish 182 40 22.0 1

Ever consumed fish 898 90 10.0 0-76 0-58, 1-00
Pre-pregnancy BMI normal

Never consumed fish 1070 165 154 0-96 0-76, 1-25

Ever consumed fish 5606 468 8-3 0-74 0-56, 0-99
Interaction P value 0173

Adjusted for maternal age, educational level, monthly family income, parity, hypertensive disorder during pregnancy, gestational diabetes, pre-pregnancy BMI, smoking (active and
passive smoking) during pregnancy, physical activities during pregnancy, multi-vitamin and protein supplement intake during pregnancy and total energy intake.

Discussion

Our main findings in the present study were that there was a sig-
nificant association between maternal fish and shellfish con-
sumption and lower risk of preterm birth by clinical subtypes.
It supports the hypothesis that the incidence of preterm birth
could decrease with increasing fish and shellfish intake.
Especially, the associations were slightly stronger for very pre-
term birth and spontaneous preterm birth. These findings have
reasonable biological mechanisms. The beneficial effects of fish
and shellfish have primarily been attributed to the long-chain 72-3
fatty acids. Recent studies confirmed that LC7-3PUFA influenced
the formation of prostaglandins in fetal membranes and affected
the length of gestation®®. Moreover, several types of fish and
shellfish are rich dietary sources of vitamin D%, deficiency of
which has been associated with preterm birth®>. Fish and shell-
fish are also a good source of B-complex and several essential
amino acids and trace elements (such as Se, Ca, Mg, K and
iodine), which are related to possible beneficial birth
outcomes®*37),

In our population, consumption of fish and shellfish > 2 times
a week had a protective effect on preterm birth, which is consis-
tent with some earlier findings"!?. Several observational studies
have demonstrated the association of fish and shellfish con-
sumption with lower risk of preterm birth?1510.17,18,19
A meta-analysis from nineteen European birth cohorts found
11 to 13 % reduction in preterm birth among women who con-
sumed fish and shellfish twice or more/week, compared with
those who consumed once or less/week 7. A Norwegian
cohort study has categorised fish consumption in a similar man-
ner to our study and reported an adjusted HR of 0-76 for 1-2 serv-
ings/week (20-40 g/d), 0-72 for 2-3 servings/week (40-60 g/d)
and 0-72 for >/=3 servings/week (>60 g/d), Pyenq < 0-00199.

Overall, our findings agree with the recommendations of the
Chinese Nutrition Society dietary guideline for pregnant women,
showing that 350-525 g of seafood should be consumed/week
during pregnancy®”. However, it is also noteworthy that too
much intake of seafood might also introduce increased levels
of toxins and pollutants in pregnancy and thus lead to adverse
pregnancy outcomes®®, In a review on fish consumption, meth-
ylmercury and child neurodevelopment, Oken et al.%® found
that high consumption of fish was associated with high-dose
mercury exposure, which may lead to babies with devastating
neurological handicaps, including delayed attainment of devel-
opmental milestones, blindness, deafness and cerebral palsy.
Our study also found Py, yena Was significant in spontaneous
preterm but not medically indicated preterm, indicating that
the most important threshold for fish and shellfish intake may
be any intake as compared with no intake at all. This assumption
is also supported by our following analysis of preterm risk based
on quartiles of fish and shellfish consumption, where we found
that the 75-176 g/week and > 176 g/week consumption groups
had significantly decreased risk of preterm birth compared with
the < 14 g/week consumption group. In a balance of advantages
and disadvantages, it is thus suggested that pregnant women
intake appropriate amount of fish during pregnancy to maximise
its beneficial effects and to minimise its toxic effects. For women
who cannot consume the amount of fish and shellfish as recom-
mended by the Chinese Nutrition Society, as shown in our study
that nearly 90 % did not consume > 350 g/week of fish and shell-
fish, consumption of a minimum of 176 g/week of fish and shell-
fish is recommended to prevent preterm risk.

When we examined fish and shellfish consumption by types,
significant associations with preterm birth were observed for
freshwater fish intake, shellfish intake, as well as any two or three
kinds of fish intake, but not for saltwater fish. The protective role
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of freshwater fish in preterm birth was encouraging considering
the fact that most of the fish and shellfish consumed in the cur-
rent study originated from freshwater. Freshwater fish consti-
tutes primarily cultured carp, a fish species for which China
has a longstanding tradition for culturing with massive produc-
tion. Carp is a lean fish species with low fat content, and the main
feed for carp culture includes bean cake, silkworm pupae,
fish meal and other high protein feed. Carp and other freshwater
fish are rich in a range of nutrients, including fat, protein, EPA,
DHA, Ca, Fe, Zn, iodine, Se, vitamin E, vitamin D3, niacin, etc.
However, they may also contain certain contaminants such as
DDT, PCB7, Hg, Ar and Cd. The amount of each nutrient and
3 which gen-
erally supported that fish can be regularly consumed to achieve
optimal nutritional benefits, without causing significant contam-
inant-related health risks.

The finding that shellfish intake is protective of preterm birth
is interesting considering the reported high levels of heavy met-
als and other toxins in shellfish harvested in saltwater in some
European countries. However, in China, shellfish are mainly
manually raised in mariculture. China is a large producing coun-
try for shellfish, and shellfish is also one of the most important
aquaculture species in China®?. The Chinese government set

contaminant has been listed in Du et al.’s study"

very strict standards to limit the concentration of heavy metals
in shellfish“V. Liu et al.“? conducted a study to assess the level
of heavy metals in various coastal areas of China that include
Dalian, Shandong, Zhejiang, Guangdong, East China coast and
South China coast and found that heavy metal levels in all these
areas were within safe limit. In an inland city like Lanzhou, shell-
fish are mainly transported from various Marine aquaculture
bases in the above-mentioned coastal areas of China and have
passed strict testing for heavy metal and toxins and thus do
not pose significant health risk to pregnancy.

No significant association was found between maternal salt-
water fish and preterm birth, which may be best explained by the
relatively small sample size of maternal saltwater fish consump-
tion (12 55). For instance, some previous studies have demon-
strated that prediction models based on logistic regression in
small data sets might lead to poor predictions that were too
extreme and uncertain%349  Other possible explanations
relate to more contaminants in saltwater fish“>4 and nutrient
loss in the progress of frozen storage period“”,

Finally, we found significant interactions between fish and
shellfish consumption with maternal age and between fish
and shellfish consumption with pre-pregnancy BMI under-
weight in affecting preterm birth. Generally speaking, the posi-
tive effects of fish consumption may offset the negative impacts
of older maternal age and abnormal pre-pregnancy BMI under-
weight on preterm birth. Older maternal age and abnormal pre-
pregnancy BMI have been identified as risk factors for preterm
birth“®4959 which may be balanced by the beneficial effects of
fish and shellfish consumption and thus decrease risk of preterm
birth. The finding of significant interactions between fish and
shellfish consumption with pre-pregnancy BMI underweight,
but not pre-pregnancy BMI overweight was somehow surpris-
ing and may be explained by the relatively small sample size in
pre-pregnancy BMI overweight group who never consumed
any fish. Future large sample-size study may be needed to

further explore the association of fish and shellfish consump-
tion with preterm birth among pre-pregnancy BMI overweight
population.

The protective effect of fish and shellfish consumption in pre-
venting preterm birth was more obvious in younger age group
(OR=048, 95% CI 0 36, 0-66) than older age group
(OR=0-71,95%CI 0 55, 0-91). However, our study also showed
women with younger age were less likely to consume fish and
shellfish, a pattern consistent with findings in other countries
such as USA®Y, England®? and Norway®®. These findings
imply that younger people were less likely to consume fish
despite its larger protective role in preventing preterm birth.
One explanation may be that older people attach more impor-
tance to nutrition and health than younger people and thus
are more likely to consume fish and shellfish for perceived health
benefits in addition to its convenience in preparation®V,
However, future studies are still needed to explore the underly-
ing reasons for less fish and shellfish consumption among youn-
ger people and further confirm the associations between fish and
shellfish consumption and preterm birth across maternal age and
pre-pregnancy BMI. Our findings provide implications for
strengthening publicity and education to promote fish and shell-
fish consumptions among younger pregnant women to prevent
preterm birth.

Our study had many strengths. First, the data were collected
from a relatively large number of pregnant women and included
comprehensive information such as maternal diet, demography,
socio-economic factors and pregnant outcomes. Second, we
collect detailed information on the consumption of different fish
and shellfish types, both in frequency and quantity, which
enabled us to run separate analyses. Third, our well-character-
ised participants cohort had high rates of participation and fol-
low-up, which allowed us to extensively collect information
on many potential confounding variables.

Nevertheless, our study also had some limitations. One major
limitation is the retrospective study design making it susceptible
to selection bias, misclassification and recall bias, which were
common in studies that reply on individual recall of former expo-
sure to risk factors. Besides, it is also more difficult to assess tem-
poral relationship in retrospective studies since everything is
based on recalls. Future prospective cohort studies are needed
to better confirm the impacts of fish and shellfish consumption
on preterm birth. Second, the timing of obtaining information
through in-person interviews 1-3 d after delivery may introduce
potential selection bias. Delivery is such an exhausting process
that some women may be too tired to participate in any inter-
views right after delivery, which may also explain that 3712
chose not to participate and 105 did not complete in-person
interviews. Future studies may consider using a longer post-
delivery interview time period such as 2 weeks after delivery
to increase inclusion rate. Third, fish and shellfish consumption
was assessed using a self-designed FFQ and based on self-report.
Although the FFQ has been used in various studies of our project,
it has not been formally validated and the reliance on self-report
may introduce recall bias. Future study may consider validating
the FFQ against another standard dietary reference method and
improve the quality of dietary reports by combining other more
objective measurement methods. Fourth, we did not measure
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certain biomarkers, such as erythrocytes concentration of 7-3
fatty acids or chemical exposures to accurately assess fish and
shellfish intake and contaminant intake during pregnancy.
Future studies may benefit from adding these biomarkers of
environmental nutrients or contaminants. Fifth, the sample sizes
were very small for certain types of fish consumption groups
such as saltwater fish only and shellfish only groups in the cur-
rent study, making it difficult to detect statistical significance in
their associations with preterm birth. However, these types of
fish consumption are not uncommon and also important food
sources among pregnant women and thus are of research inter-
est. Future larger sample study is needed to further test the
impact of these fish consumption groups on preterm birth.
Sixth, we did not control for potential confounding effect
brought about by other food sources apart from the fish and
shellfish studied in the current study. For instance, pregnant
women may also get long-chain 7-3 fatty acids from other sup-
plements apart from fish and shellfish. Future study may con-
sider measuring all food sources to confirm the beneficial
effect of fish and shellfish more robustly.

In conclusion, our study showed that maternal fish and shell-
fish consumption was associated with reduced risk of preterm
birth. The association was seen for all subcategories of preterm
birth and slightly stronger for very preterm birth and spontane-
ous preterm birth. The amount and the type of fish and shellfish
consumption are also important. The findings corroborate the
current advice to include fish and shellfish as part of balanced
diet during pregnancy. Future studies should consider more
potential factors, such as fish and shellfish preparation, nutrient
and contaminant and examine whether they are associated with
preterm birth.
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