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Abstract
Objective: To evaluate the effect of low trans fatty acids (TFAs) dietary pattern during pregnancy on risk
of low birth weight (LBW).

Methods: All pregnant women who received prenatal care with gestational age <8 weeks and aged ≤35
years were included in this randomized controlled trial study that took place in Tehran from December
2014 to August 2016. Women in the intervention group received individualized dietary pattern with TFAs
content of < 1%; those in control group had dietary intake with no change on TFAs content. Dietary
intakes were assessed by 3 non-consecutive 24-hour recalls at �rst prenatal care visit and at gestation
age 13, 25 and 35 week. Hazard ratio was calculated using Cox proportional‐hazards models. Incidence
and hazard ratio (95% CI) for low birth weight based on multivariable adjusted models were calculated.

Result: Of the 800 women (n=407 in control and n=393 in intervention groups), 108 (13.5%) women were
diagnosed with low birth weight. The incidence of LBW in intervention group was 12% and in control
group was 19%. After multivariable adjustment for confounders, the hazard ratios for incident low birth
weight in intervention group were 0.65 (0.44-0.96). Kaplan-Meier plot showed signi�cant difference
between two groups in incidence of LBW.

Conclusion: Intake of low TFAs dietary pattern during pregnancy reduced risk of LBW.

Trial registration The trial has been registered in the Iranian Registry of Clinical. 

Registration number: IRCT2016092729902N3. Registered 8 November 2016, https://en.irct.ir/trial/23919

Background
Low birth weight (LBW) (under 2500 grams) is an important public health problem that more than
20 million infants worldwide, representing 15.5 percent of all births, are born with LBW. Low birth weight
is an adverse pregnancy outcome that it associated with baby’s future health (1) and increased risk of
perinatal mortality and childhood cognitive function disorder and adult chronic disorder such as
cardiovascular disease and metabolic disorder (2, 3). The world health organization recommendation is
to "decrease LBW (to) fewer than 30% till 2025". (4).

Recently, some studies have shown the role of potential risk factors in pathogenesis of LBW such as
hypertension, weight gain during pregnancy, pre-pregnancy weight, history of LBW and pre- and during
pregnancy nutrition status (5–7). The maternal dietary intake may be an important element for fetal
growth; some macro- and micro-nutrients have direct effect on LBW and others have adverse effect (6, 7).
There is also no nutritional strategy to prevent LBW (7).

Nowadays, due to increased consumption of trans fatty acids (TFAs), intake of this group of fats and its
impact on the health of individuals, especially pregnant women has been considered (8). The nutrition
transition worldwide is taking place in the context of rapid life styles change, urbanization and social
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development which causes malnutrition and micronutrient de�ciencies that those still dominate the
public health nutrition agenda (9). During the nutrition transition, people consume more fast foods,
bakery products, and high fat dairy products that are main sources in TFAs (10). Some cohort and case-
control studies found adverse potential of TFAs on LBW (12–18). To best of our knowledge, no study has
been conducted to investigate the effect of daily TFAs intake on LBW. Therefore, the aim of this
randomized controlled trial was to examine the effect of low TFA dietary pattern on the development of
LBW.

Methods
Study design

All patients provided written informed consent before participating in this randomized, 2-group parallel,
controlled trial, which was approved by the Research Ethics Committee of the Research Institute for
Endocrine Sciences of Shahid Beheshti University of Medical Sciences (IR.SBMU.ries.Rec.1394.92).

The study took place in Tehran from December 2016 to August 2018. We enrolled pregnant women from
8 health centers and randomly divided to intervention group with low TFAs daily intake during pregnancy
and control group without any change in TFAs daily intake.
Recruitment

In the run-in phase of the study midwifes present at health centers 5 days in a week. The investigators
informed the participant of all aspects pertaining to participation in the study and was screened all the
patients for the eligibility criteria at the time of admission. Women’s` screening continued until the target
population is achieved.
Study population

We assessed the eligibility of pregnant women attend to public health centers. Pregnant women who had
a gestational age less than 8 weeks, singleton pregnancy and intention to receive prenatal care, 24 > BMI 
> 18 pre pregnancy, 18 ≤ age ≤ 35years, gravid under 4, abortion under or equal 2 were included. We
excluded participants who had any previous history of chronic disease such as diabetes mellitus, any
history of preeclampsia or gestational diabetes, any history of pre pregnancy hypertension and those who
smoked or drank alcohol. The research coordinator described the study for pregnant women. Pregnant
women were given suitable time to re�ect on the information and their questions were answered and
gave free and voluntary consent. A total of 1016 pregnant women were screened for eligibility. Among
them 45 pregnant women not meeting inclusion criteria, 31 declined to participate and 28 participants for
other reasons excluded from this trial. After these exclusions, 912 pregnant women were randomized in
two group (intervention group = 455, control group = 457). Finally 800 pregnant women remained for the
analysis (Fig. 1). 
Randomization
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This study was a randomized parallel dietary interventional study with a 1:1 allocation. Pregnant women
were randomly allocated to one of two either group (low TFAs group and control group) in a 2 × 4 Latin
Square design. Randomization was performed by person from health centers not involved in the study.
The randomization table was kept in a locked �le cabinet and in a password-protected computer in the
midwifery group center.
Blinding

The outcomes assessor performing and analyzing data was blinded to the participant grouping.

Obstetric management

Women in both groups received routine prenatal care. Anthropometric measurements were performed
with light clothing and without shoes. Weight and height were measured at the �rst visit in pregnancy
(less than 8 weeks) according to the standard protocol. Pre pregnancy body mass index (BMI) was
calculated by dividing the weight in kilograms by the square of height in meters on the basis of weights in
pre pregnancy. Gestational age was ascertained by �rst day of last menstrual period and by ultrasound
under 12 weeks of gestational age. Pregnant women had monthly obstetric visits up to 28 weeks of
gestational age, biweekly visits from week 28 to week 36, and weekly visits until the end of the pregnancy.
For both groups, prenatal data were obtained from the patients’ medical records.
Data collection and assessment

Data was collected by face to face interview and using the structured questionnaire. The questionnaire
had two parts. The �rst part of it was included to socio demographic background: maternal age, maternal
education, and maternal occupation. The information of this part was important, because it showed the
socioeconomic condition of participants that these could effect on the child birth weight. The second part
of questionnaire obtained maternal condition such as gestational age, number of pregnancy, prenatal
care follow up, gestational age at the �rst care, and pre pregnancy body mass index. The information
about dietary intake was collected by dietary food recall in three days (one holiday and two week days).

All interviews and data collections were conducted by trained nutritionists based in health care centers.
They were given 3 days training on interview technique and nutrition data collection. 5 nutritionists and 1
midwife supervised study.
Study intervention

Participants assigned to one of the two groups, the intervention (n = 393) and the control (n = 407) group
(Fig. 1). For all pregnant women individual dietary pattern were designed based on age, height, pre-
pregnancy weight and physical activity. Indeed, Women in intervention group received individualized
dietary pattern with TFA content under 1% of total daily energy intake, and in the control group, women
received individualized dietary pattern without any focus on TFA content. In the intervention group, we
replaced mono- and polyunsaturated fatty acids free of trans fatty acids in dietary pattern, such as olive
oil, �sh, nuts, and low fat (1.5%) dairy products, and participants were forbidden to consume the food rich
of trans fatty acids such as any kind of fast foods, processed meat, and deep fried foods; but in the
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control group, women were allowed to consume any kind of dairy products and oil for cooking and
routine dietary recommendation were advised. For dietary assessment and ensure compliance, we used
24_hours dietary recalls (24h_DRs). For women dietary assessment, expert nutritionists assessed dietary
intake of the participants using three non - consecutive 24-hour recalls, one weekend day (Thursday or
Friday) and 2weekdays. The personal interview has held in private and took about 20 minute. Portion
sizes of meals are converted to grams by using household measures (19). Nutrient intakes are calculated
according to the US Department of Agriculture and Iranian Food Composition Tables (20, 21). First recall
interviews were performed at health center; second and third recalls were �lled by call. The 24h_DR data
were also collected at �rst prenatal care visit and the end of every trimester (13, 25, 35 weeks).All recalls
were checked by investigators, and ambiguities were resolved with the women. Because the only
available Iranian food composition table (FCT) analyzes a very limited number of raw food items and
nutrients, we used the united states drug and food composition table (USDA FCT) as the main FCT; the
Iranian FCT was used as an alternative for traditional Iranian food items, like kashk, which are not
included in the USDA FCT. All pregnant women who participated in the study routinely received 1 mg folic
acid daily in the �rst trimester (up12 week) of and received multivitamin minerals daily from the
beginning of the second trimester to the end of pregnancy. From the beginning of the 16th week of the
pregnancy, all participants received the 30 mg daily iron supplement.

Unannounced telephone calls were used both to encourage participants and to ascertain adherence to the
dietary.
Primary research question

What is the effect of low trans fatty acids dietary pattern on the risk of LBW?

The primary endpoint was the rate of low birth weight, de�ned as those weighted were less than 2500
gram.
Outcome measurement

The weight of newborns was measured 60 minute after birth with a Seca scale. The scale was always
checked and zeroed before weighting each child. Low birth weight newborns were those weighted under
2500 gram. All deliveries were conducted in a central hospital.
Obstetric management

Women in both groups received routine prenatal care. The participant’s BMI was calculated on the basis
of pre pregnancy weights (maximum three months before pregnancy) and heights at the �rst prenatal
care visit (under 8 weeks of gestation). Gestational age was calculated by �rst day of last menstrual
period or by ultrasound less than 12 weeks of gestational age. They had monthly obstetric visits up to 28
week of gestational age, every two weeks visits from week 28 to 36week, and weekly visits until the end
of the pregnancy. For both groups, antenatal and perinatal data were obtained from the patients’ medical
records.
Statistical analysis
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We calculated sample size based on α = 0.05, 1-β = 0.80, and using the following formula:

 

Accordingly, sample size in each group was 325 people, with the probability of miss to follow-up of 20%,
yielded to 400 persons per group.

Quantitative data were expressed as mean ± standard deviation (SD), where applicable and quantitative
data were presented as percentages. Independent sample T-tests and Chi-2 were used to compare
variables among two groups, respectively. All con�icted variables were matched in both groups. Each
variable’s normality was checked by a histogram chart and one-sample Kolmogorov-Smirnov test.
Repeated measure was used for analysis of nutritional and obstetrical changes during follow-up. When
performing the Cox proportional-hazards model, groups were considered as independent variables and
LBW as a dependent variable. Cox regression analysis is basically done when participants are followed
up over time. In this case the exposure (independent variable) is the intervention of low TFA diet and the
outcome is the birth weight that followed up during pregnancy. Incident rates and hazard ratios (95%
con�dence interval) for LBW based on groups were calculated (Table 4). The potential confounders for
each group were age, pre pregnancy BMI, gravid in the adjusted model. In this study we used the Kaplan–
Meier plot, is a non-parametric statistic used to estimate the survival function from lifetime data. In
medical research, it is often used to measure the fraction of patients living for a certain amount of time
after treatment. In this study, the percentage difference in weight of newborns in two groups (intervention
and control group) after the pregnant women intake diet was evaluated. All statistical tests were two
sided, and a signi�cant association was declared at P-value < 0.05(95% con�dence interval). All statistical
analyses were performed using statistical package for social science (version 21; SPSS Inc., Chicago, IL,
USA).

Table 4
Hazard ratio (95% CI) for developing LBW based on dietary pattern 

≤ 1% TFAs intake
Models Hazard ratios CI (95%) p-value

Unadjusted Model

Multi variables Model*

0.65

0.64

0.44–0.96

0.44–0.95

0.03

0.02

*: groups, age, pre pregnancy BMI, gravid were adjusted

Result
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Flow diagram

Among 1016 eligible women, 73 did not meet inclusion criteria, 31 refused consent, and 912 were
consented and randomized, however a total of 800 pregnant women were remained for the �nal analysis
(Fig. 1). The mean ± SD age and pre pregnancy BMI for participants was 24.5 ± 2.8 years and 21.9 ± 1.6
Kg/m2, respectively. There were no signi�cant differences between two groups in age and pre pregnancy
BMI (p > 0.05). 540 pregnant women (67.5%) attended high school and 538(67.3%) of them were
housewives. Also, 601(75.1%) of participants were nulliparous. According to Table 1, the baseline
characteristics between control and intervention group was no different signi�cantly.

Table 1
Baseline characteristics of the all participants and by intervention and control group

Variables All

(n = 800)

Mean ± SD

Carob

(n = 407)

Mean ± SD

Vitamin E

(n = 393)

Mean ± SD

P-value

Age ( year) 24.5 ± 2.8 24.6 ± 2.7 24.4 ± 2.9 0.31

Pre pregnancy BMI (kg/m2) 21.9 ± 1.61 21.9 ± 1.63 22 ± 1.72 0.34

Ge Gestational age at delivery time(year) 38 ± 3 38 ± 2 38 ± 4 0.56

blood pressure < 7 weeks 109.7 ± 7.33 109 ± 7.36 109.7 ± 7.67 0.93

House wives occupation n (%)

538 (67)

n (%)

266(66)

n (%)

272(68)

0.82

High school education 540(67) 272(68) 268(67) 0.11

Nulliparous 601(75) 302(74) 299(76) 0.12

Para 0 667(83) 347(83) 330(83) 0.56

Abortion 0 714(89.3) 352(89) 362(89) 0.23

 
A comparison of dietary intake at baseline and end of every trimester between the control and
intervention groups revealed that there was no signi�cant difference in daily intake of energy,
carbohydrate, protein and total fat between the two groups(p > 0.05). However, there were signi�cant
differences in intake of daily MUFA (in25 and 35 weeks) and TFAs(13, 25 and 35 weeks) in both groups
(p < 0.05). In intervention group, all women’s consumed TFAs less than 1% of daily energy intake.
(Table 2).
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Table 2
Dietary intake of participants according to intervention and control group

  Control

(n = 407)

Intervention

(n = 393)

P-value

Energy (kcal) < 7weeks 2083 ± 241 2024 ± 207 0.06

13weeks 2024 ± 61 2015 ± 54 0.08

25weeks 2352 ± 53 2346 ± 53 0.06

35weeks 2457 ± 50 2447 ± 52 0.07

Carbohydrate (%) < 7weeks 50 ± 3.81 51 ± 3.21 0.06

13weeks 53 ± 3.32 55 ± 2.55 0.07

25weeks 52 ± 3.13 53 ± 2.52 0.06

35weeks 53 ± 3 54 ± 2.62 0.07

Protein (%) < 7weeks 13 ± 1.41 12 ± 1.36 0.06

13weeks 18 ± 1.24 19 ± 1.25 0.08

25weeks 17 ± 1.23 18 ± 1.26 0.07

35weeks 17 ± 1.11 18 ± 1.02 0.07

Total fat (%) < 7weeks 37 ± 10 37 ± 8 0.06

13weeks 30 ± 6.65 30 ± 6.23 0.08

25weeks 31 ± 3.12 30 ± 3.24 0.08

35weeks 30 ± 2.61 29 ± 2.94 0.07

TFAs (%) < 7weeks 10 ± 2.32 9 ± 1.34 0.07

  13weeks 8 ± 1.33 1 ± 0.82 0.04

  25weeks 7 ± 1.15 0.91 ± 0.65 0.03

  35weeks 7 ± 1.45 0.89 ± 0.60 0.03

Data are presented as mean (standard deviation)
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  Control

(n = 407)

Intervention

(n = 393)

P-value

Poly unsaturated fatty acids

Mono unsaturated fatty acids

< 7weeks

13weeks

25weeks

35weeks

< 7weeks

13weeks

25weeks

35weeks

15 ± 4.56

10 ± 4.32

10 ± 3.76

10 ± 2.25

12 ± 3.34

12 ± 2.43

14 ± 2.31

13 ± 3.13

16 ± 6.76

10 ± 4.21

10 ± 4.12

10 ± 3.13

12 ± 3.31

11 ± 3.65

19 ± 1.34

18 ± 1.04

0.09

0.08

0.07

0.08

0.09

0.08

0.03

0.03

Data are presented as mean (standard deviation)

 
Of the 800 participants, 101 (13.5%) child was born with weight under 2500 gram. The incidence rate of
LBW was 12% for women who had dietary pattern with TFAs content < 1%( intervention group) and 19%
for women who did not have any change in TFAs content in their diet (control group). Chi-square test
showed a signi�cant difference between two groups in terms of low birth weight (Table 3). Unadjusted
hazard ratios (95% CI) for LBW were 0.65 (0.44–0.96). However, after adjustment for confounders, the
corresponding hazard ratios attenuated to 0.64 (0.44–0.95) in multi variables model (Table 4).

Table 3
Frequency distribution and birth weight comparison of pregnant

women in two intervention and control groups
group control intervention

count percent count percent

With Low birth weight 63 19% 38 12%

Without low birth weight 326 81% 336 88%

Total 389 100% 374 100%

X2 P = 0.03

 
Kaplan-Meier plot showed the lowest birth weight in the control group was 1800 grams and in the
intervention group 2000 grams, and the low TFAs diet may be could increase the birth weight of the baby
in the intervention group of 200 grams. 95% of newborns weighing less than 2500 grams in the control
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group had a variance of 1800–2100 grams, while 95 percent of newborns weighing less than 2500
grams in the intervention group weighed 2,200-2,000 grams (Fig. 2).

 

Discussion
In this study, we assessed the effect of dietary pattern with < 1% TFAs content intake during pregnancy
with LBW risk. We found the negative effect of TFAs intake during pregnancy baby’s birth weight. In this
study the risk of LBW in intervention group decreased about 50%. The incidence of LBW in intervention
group was 12% vs. 19% in control group.

Few cohort and case- control studies have addressed the association between maternal TFAs intake and
birth weight (12, 14–16). In none of these studies signi�cant associations were reported, Possible
interpretation include that we recommended individual diet design with TFAs content ≤ 1% for
intervention group. It’s worth mentioning that the control group also had individualized diet without
focusing on TFAs content. Therefore, the effect of this intervention may exclusively explain by TFAs
content. Another cause of difference possibly by lack maternal samples ≤ 600. Study design may also be
responsible for the differences in results.

Our �ndings are similar to studies in Amsterdam Born Children and their Development cohort, where they
observed the association between higher levels of TFAs and reduced birth weight (8, 19). Similarly, other
study in Maastricht Essential Fatty Acid Birth cohort. Also report a negative association between higher
TFAs levels during pregnancy and decreased birth weight (20). In the current study, TFAs intake in
intervention group was reduced and replaced by monounsaturated fatty acids (MUFAs) and
polyunsaturated fatty acids (PUFAs) to meet daily energy requirement. Several mechanisms for a
biological effect of the MUFAs and PUFAs on LBW risk may explain the observed association (21, 22). A
study done on south Indian subject’s reports the relationship between the lower intake of MUFA and PUFA
during the third trimester of pregnancy and higher risk of delivering LBW babies (23).The third trimester of
pregnancy greatest consumption of MUFA and PUFA done by the fetus (24). MUFA and PUFA are known
to enhance membrane �uidity and raise �ow mediated vasodilation, by that enhancing the membrane
receptivity for various biologically active ligands. This may further lead to reduction in the blood viscosity
and increase in the placental blood �ow, by that enhancing fetal growth (25). Thus, the lower levels of
MUFA and PUFA might re�ect the mother’s inadequacy to equip su�cient amounts of MUFA and PUFA for
best fetal development.

There could be several possible mechanisms leading to changed levels of MUFA and PUFA in mothers
delivering LBW babies as compared with mothers delivering normal birth weight babies: 1) it is well
known that enzymes like desaturases synthesize the MUFA and PUFA from their critical shorter chain
precursors (26). Thus, any alteration in the levels of these enzymes can affect the levels of fatty acids in
the mother’s circulation. 2) There may be genetic variations from the single nucleotide polymorphism of
the FADS1 and FADS2, which may affect the maternal plasma and erythrocyte phospholipid levels of
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MUFA and PUFA during pregnancy (27, 3). Our earlier study in normotensive pregnancy reports a negative
association between maternal homocysteine and maternal MUFA and PUFA levels at the time of delivery
(27). It is therefore likely that the levels of maternal micronutrients like folic acid and vitamin B12 may
also affect the levels of maternal MUFA and PUFA.

The strengths of the present study were as follows: individualized dietary pattern with difference in TFAs
content (≤ 1% in intervention group) for both groups during the �rst trimester of pregnancy (< 7weeks)
and assessed by 24 h-recall questionnaire in every trimester. Additionally, we omitted other maternal risk
factors that have been previously shown to be important for LBW. Our sample size was large enough to
detect true effect of TFAs intake on risk of LBW. No previous study from Iran has investigated the effect
of TFAs intake on risk of LBW.

A number of limitations of the study should be considered. First, if we took blood sample for assess
serum level TFAs, it’s better and we had su�cient power to true assess TFAs. Another limitation of our
study is the narrow intake range for industrial TFAs in this population. This situation made it impossible
to difference from our data whether TFAs intake truly is unrelated to LBW or whether it is related to this
condition but only at intake levels that could not be observed in our study. To resolve this question further
research is necessary in populations that remain exposed to large amounts of industrial TFAs in their
food supply. Answering this question has major public health concerns.

Conclusion
Low TFAs intake can facilitate the control delivering babies with weight < 2500 grams. Management of
maternal nutrition with focused on TFAs content should be included in routine prenatal care, to facilitate
interventions and guidance regarding maternal nutrition, with the goal of reducing the incidence of LBW.
Further interventional studies are needed to con�rm these results.

Abbreviations
TFAs: trans fatty acids

LBW: low birth weight  

BMI: Body mass index

FCT: food composition table

Standard deviation (SD)

MUFAs: monounsaturated fatty acids

PUFAs: polyunsaturated fatty acids
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Figure 1

Consort Flow Chart
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Figure 2

Kaplan-Meier plots for LBW in two intervention and control groups.
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