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Abstract

Circulating saturated fatty acids (SFAs) have been associated with cardiovascular disease. However, little is known about the
relationship of SFAs with the risk of pregnancy-induced hypertension (PIH). We conducted a nested case—control study to
examine the associations between circulating SFAs and the risk of PIH. A total of 92 PIH cases were matched to 184
controls by age (+2 years) and infant sex from a birth cohort study conducted in Wuhan, China. Levels of circulating fatty
acids in plasma were measured using gas chromatography—mass spectrometry. Conditional logistic regressions were
conducted to calculate odds ratios (ORs) and 95% confidence intervals (95% Cls). Even-chain SFAs, including myristic acid
(14:0) and palmitic acid (16:0), were positively associated with the risk of PIH [ORs (95% Cls): 2.92 (1.27, 6.74) for 14:0
and 2.85 (1.18, 6.89) for 16:0, % by wt]. In contrast, higher levels of very-long-chain SFAs, including arachidic acid (20:0),
behenic acid (22:0), and lignoceric acid (24:0), were associated with a lower risk of PIH [ORs (95% CIs): 0.40 (0.17, 0.92)
for 20:0, 0.30 (0.12, 0.71) for 22:0 and 0.26 (0.11, 0.64) for 24:0, ug/mL]. For odd-chain SFAs, including pentadecanoic
acid (15:0) and heptadecanoic acid (17:0), no significant difference was observed. Our results provided convincing evidence
that different subclasses of SFAs showed diverse effects on the risk of PIH. This suggests that dietary very-long-chain SFAs
may be a novel means by which to prevent hypertension. Future studies are required to confirm these associations and
elucidate the underlying mechanisms.
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Introduction

Pregnancy-induced hypertension (PIH) is one of the leading
causes of maternal and fetal morbidity and mortality from
conception to birth [1-3]. Increasing evidence has shown
that PIH can lead to multiple irreversible health issues for
mothers and their infants. For mothers, it can increase the
risk of essential hypertension and cardiovascular and renal
diseases later in life [4—7]. For infants, PIH is associated
with adverse outcomes, including preterm birth, low birth
weight, and neonatal death, and may even cause the future
development of cardiovascular disease in childhood [7-10].
Therefore, the prevention of PIH by feasible intervention
strategies is very valuable for the health of mothers and their
infants.

Saturated fatty acids (SFAs) are a unique group of fatty
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acids due to the absence of double bonds between the
carbons. It is generally believed that SFAs have adverse
effects on human health and has been suggested that redu-
cing the intake of dietary SFAs may prevent the occurrence
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and development of some chronic noncommunicable dis-
eases [11, 12]. However, the evidence supporting the
adverse effects of high SFA intake remains inconsistent and
inadequate [13]. Some studies have even observed no
association between reduced SFA consumption and incident
stroke, diabetes, hypertension, and coronary heart disease
[14-16]. Therefore, these inconsistencies prompted us to
doubt whether all kinds of SFAs exert adverse effects on
human health. Recently, a growing number of studies have
indicated that different subclasses of SFAs classified by
their numbers of carbon atoms have disparate impacts on
human health [17-19]. Several human and animal studies
have revealed positive associations of circulating levels of
even-chain SFAs, including myristic acid (14:0), palmitic
acid (16:0), and stearic acid (18:0), with levels of total
cholesterol and risk of diabetes, hypertension, and athero-
sclerosis [20-22]. Findings from two large prospective
cohort studies showed that higher circulating levels of odd-
chain SFAs, including pentadecanoic acid (15:0) and hep-
tadecanoic acid (17:0), might be associated with lower risks
of type 2 diabetes and pancreatic cancer [23, 24]. In addi-
tion, emerging evidence indicated that very-long-chain
SFAs with 20 or more carbon atoms, including arachidic
acid (20:0), behenic acid (22:0), and lignoceric acid (24:0),
may be conducive to reducing the occurrence of metabolic
disorders such as diabetes, cardiovascular disease, and
cancer [25-27]. Many studies have explored the relation-
ships between circulating SFAs and cardiovascular dis-
eases, such as coronary heart disease and stroke [26, 28]. To
our knowledge, only a few studies have investigated the
effects of circulating fatty acids on blood pressure or
hypertension, and they focused on polyunsaturated fatty
acids [29-34]. Epidemiologic evidence on the role of SFAs
in hypertension, especially during pregnancy, is sparse.
Thus, we carried out a nested case—control study in the
Hubei Province of China to investigate the associations
between levels of circulating SFAs with different chain
lengths and the risk of PIH among pregnant women.

Methods
Study design and population

We performed a nested case—control study of PIH based on
a prospective birth cohort study conducted at Wuhan
Medical & Healthcare Center for Women and Children in
Wuhan, China. From October 2013 to September 2016, a
total of 4297 pregnant women were recruited at their first
prenatal visit in this hospital. Eligibility criteria included
residents of Wuhan who had no Chinese communication
problem and who decided to deliver in the study
hospital. All participants were invited to attend face-to-face

interviews and provide urine and blood samples during the
routine antenatal examinations. Of the pregnant women, we
excluded 527 with hypertension, diabetes, or renal disease
before pregnancy; with a family history of hypertension or
diabetes; and who did not provide a blood sample for fatty
acid measurements, leaving 3770 participants for the final
analysis, among whom 92 PIH cases were identified based
on a doctor's diagnosis identified in medical records. PIH,
including gestational hypertension and preeclampsia, was
defined according to the criteria of the International Society
for the Study of Hypertension [35]. Controls were selected
randomly from the remaining participants who were free of
PIH, and they were individually 2:1 matched to PIH cases
by age (+2 years) and infant sex. Thus, a total of 92 cases
and 184 controls were included in the study. All participants
provided written informed consent at enrollment. The study
was approved by the ethics committees of Tongji Medical
College, Huazhong University of Science and Technology
and the study hospital.

Plasma fatty acid measurements

Fasting blood samples of the participants were collected
early in the pregnancy (mean + standard deviation: 13.3 +
1.2 weeks) to separate plasma and were then stored at
—80 °C until further analysis.

Concentrations of fatty acids in plasma were determined
by gas chromatography—mass spectrometry (GC-MS,
5975C MS/7890A GC, Agilent Technologies, Santa Clara,
CA). Plasma lipids were extracted using the modified Folch
method [36]. Briefly, methanol (2 ml) and chloroform (4 ml)
were added to plasma samples diluted with physiological
saline. The mixture was vortexed and left for 5 min and then
centrifuged at 1700g for 10min. The lower phase
(chloroform) was collected and dried under a mild nitrogen
stream. Then, the residue was derivated by adding 2 mL of
1% sulfuric acid/methanol to prepare fatty acid methyl
esters (FAMESs). After heptane extraction, the FAMEs were
transferred into a glass insert in a vial with a cap for
GC-MS analysis. FAMEs were separated on an Agilent
DB-23 capillary column (60 m x 0.25 mm; film thickness
0.25um) at a helium flow of 1.2 mL/min using the fol-
lowing programmed temperature conditions: the initial oven
temperature was set at 50 °C and maintained at this tem-
perature for 1 min, increased to 155 °C at 20 °C/min and
maintained at 155°C for 2min, and then increased to
230 °C at 5 °C/min and maintained at 230 °C for 6 min. The
sample was injected by a syringe in split mode (20:1), and
the temperature of the injector port was set at 250 °C. In
mass spectrometry, electron impact ionization mode was
applied to keep the ion source temperature at 230 °C. The
quadrupole and transfer line temperatures were set at 150 °C
and 230 °C, respectively. The full scan in the 40—400 m/z
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range and selected ion monitoring mode were used for
qualitative and quantitative analyses of fatty acids. The
selected ions and retention times for fatty acid detection are
shown in Supplementary Table 1. The absolute concentra-
tions of fatty acids were determined in accordance with
established working curves of commercial standards and the
amount of internal standard. To minimize the effect of
blood lipid levels on fatty acids, we calculated the percen-
tage of total fatty acids by weight (% by wt) based on the
absolute concentrations (ug/ml). Matched samples from
cases and controls were processed and assayed in the same
batch. For each batch of plasma samples, we included
quality control samples and procedural and reagent blanks.
The coefficients of variation of fatty acids, which were
assessed by measuring quality control samples, ranged from
0.71 to 9.52%.

Covariates

Baseline information on demographic and socioeconomic
characteristics (e.g., maternal age, occupation, education,
and household income), lifestyle factors (e.g., active
smoking, passive smoking, alcohol use, and physical
activity during pregnancy) and nutritional supplements
(calcium, iron, and multivitamin supplementation during
pregnancy) was obtained from interviews administered by
well-trained nurses within three days before or after deliv-
ery. Medical information including parity, type of delivery,
family history, and medical history of illness, and infant’s
birth date, sex, birth weight (in g), and birth length (in cm)
were obtained from medical records. Gestational age was
calculated in weeks based on the dates of last menstrual
period (LMP) and the infant’s birth. Preterm delivery was
defined as delivery prior to 37 weeks gestational age. Low
birth weight (LBW) was defined as a birth weight less than
2500 g. Small for gestational age (SGA) was defined as a
birth weight below the 10th percentile for gestational age by
infant sex [37]. The prepregnancy body mass index (BMI)
was calculated using the self-reported prepregnancy body
weight in kilograms and height in meters, which was
measured by a stadiometer in the hospital. The gestational
week of plasma collection was calculated based on plasma
collection date and the LMP. The diagnosis of gestational
diabetes mellitus (GDM) was conducted between 24 and
28 weeks gestation for all pregnant women according to the
recommended criteria of the International Association of
Diabetes and Pregnancy Study Group [38].

Statistical analysis
General characteristics between controls and cases were

compared using Student’s ¢ tests for continuous variables
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and Chi-square tests for categorical variables. Medians
(25th—75th percentiles) of plasma SFAs expressed as
absolute concentrations and percentages of weight of total
fatty acids are described. The Wilcoxon rank sum test was
performed to compare the differences between controls
and cases.

We used conditional logistic regression models to cal-
culate odds ratios (ORs) and 95% confidence intervals (95%
CIs) for the associations of SFAs with the risk of PIH.
Individual and subclasses of SFAs were analyzed as cate-
gorical variables based on their tertile distributions among
controls (the lowest tertile was defined as the referent
group). All models were adjusted for parity, education level,
prepregnancy BMI, passive smoking, physical activity, iron
supplementation, and gestational week of blood collection
based on the significant differences in the bivariate analyses
and data published in previous studies [39-43]. Active
smoking and alcohol use during pregnancy were not
included in the models because few pregnant women
reported the use of these two. Tests of linear trends were
conducted by modeling the median value of each tertile of
the SFAs as continuous variables. The false discovery rate
correction was performed on p values for trends to account
for multiple tests [44]. Considering the significant associa-
tion of prepregnancy BMI with the risk of PIH [42, 45], we
further estimated model parameters using unconditional
logistic regression models in analyses stratified by pre-
pregnancy BMI to minimize the effect of prepregnancy
BMI on the association of SFAs and risk of PIH. Due to the
limited number of underweight or overweight pregnant
women, the model tests were only performed among
pregnant women with normal prepregnancy BMI in the
stratified analysis. In view of the similar risk factors for PIH
and GDM, sensitivity analysis after excluding the partici-
pants with GDM was also conducted. In the sensitivity
analyses, the matched set was excluded if the case or any
one of the two matched controls were identified as
having GDM.

All of the tests were two-sided, and statistical sig-
nificance levels were set at a =0.05. Statistical analyses
were conducted using SAS version 9.4 (SAS Institute Inc.,
Cary, NC, USA).

Results

General characteristics of study participants

Table 1 presents the general characteristics of PIH cases
and controls. The average age of the 276 participants was

29.4 years, and 67.4% of them had male infants. As
expected, PIH cases had significantly higher prepregnancy
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Table 1 General characteristics of PIH cases and controls

Characteristics Controls Cases P value®
(n=184) (n=92)

Age (years) 29.2+3.7 29.8+4.1 NA

Infant sex NA
Male 124 (67.4) 62 (67.4)

Female 60 (32.6) 30 (32.6)
Pre-pregnancy BMI (kg/mz) 203+25 23.2+39 <0.0001

Underweight (<18.5) 39 (21.2) 9 (9.8) <0.0001

Normal (18.5-23.9) 132 (71.7) 47 (51.1)

Overweight or 13 (7.1) 36 (39.1)

obese (224)

Education 0.27
High school and lower 32 (17.4) 23 (25.0)

Junior college 55 (29.9) 28 (30.4)

University and higher 97 (52.7) 41 (44.6)

Parity 0.52
Nulliparous 163 (88.6) 79 (85.9)
Multiparous 21 (11.4) 13 (14.1)

Active smoking during 0.47

pregnancy

Yes 2 (1.1) 2(2.2)

No 182 (98.9) 89 (96.7)

Missing 0 (0.0) 1 (1.1

Passive smoking during 0.38

pregnancy

Yes 58 (31.5) 24 (26.1)

No 126 (68.5) 67 (72.8)

Missing 0 (0.0) 1(1.1)

Alcohol use during 0.11

pregnancy

Yes 5@2.7) 0 (0.0)

No 179 (97.3) 91 (98.9)

Missing 0 (0.0) 1(1.1)

Calcium supplementation 0.24

during pregnancy

Yes 169 (91.8) 88 (95.6)

No 15 (8.2) 4 (44)

Iron supplementation 0.65

during pregnancy

Yes 79 (42.9) 35 (38.0)

No 105 (57.1) 57 (62.0)
Multivitamin 0.44
supplementation during
pregnancy

Yes 167 (90.8) 85 (92.4)

No 17 9.2) 7 (7.6)

Physical activity during 0.22

pregnancy

No 17 (9.2) 9 (9.8)

<4 d/week 19 (10.3) 16 (17.4)

Table 1 (continued)

Characteristics Controls Cases P value®
(n=184) n=92)
>4 d/week 144 (78.3) 64 (69.5)
Missing 422 33.3)
Gestational age 38.86+1.10 38.24+1.77 0.002
Preterm delivery 0.02
<37 weeks 6 (3.3) 9 (9.8)
>37 weeks 178 (96.7) 83 (90.2)
Low birth weight <0.0001
Yes 2 (1.1 12 (13.0)
No 182 (98.9) 80 (87.0)
Small for gestational age 0.02
Yes 12 (6.5) 14 (15.2)
No 172 (93.5) 78 (84.8)

Values are mean + standard deviation or numbers (percentage)
BMI body mass index, NA not applicable (matching factor)

2P values were derived from Student’s ¢ test for continuous variables,
and Chi-square test for categorical variables

BMIs than controls (P <0.0001). The proportions of preg-
nant women who were overweight or obese in the PIH case
and control groups were 39.1% and 7.1%, respectively. PIH
cases had a younger gestational age at delivery and were
more likely than controls to deliver infants before 37 weeks
and to deliver LBW or SGA infants (P <0.05). No sig-
nificant differences were observed between the cases and
controls with regard to education level, parity, passive
smoking, nutritional supplements, or physical activity dur-
ing pregnancy (P> 0.05).

Levels of plasma SFAs in PIH cases and controls

The levels of plasma fatty acids (ug/mL and % by wt) in
PIH cases and controls are shown in Table 2. In both PIH
cases and controls, the SFAs with the highest levels in
plasma were 16:0 (median: 490.13 pg/mL in the controls
and 516.9 ug/mL in the cases), and the lowest was 24:0
(median: 2.07 pg/mL in the controls and 1.46 pg/mL in the
cases). With respect to the composition of fatty acids, ~30%
of total fatty acids were SFAs, with the largest contributors
being even-chain SFAs (16:0: nearly 22%; 18:0: nearly
6.5%), while odd-chain SFAs and very-long-chain SFAs
were present in low relative abundance (all <0.6%).
Compared with controls, PIH cases had significantly lower
levels of very long chain SFAs (including 20:0, 22:0, 24:0
and sum of very-long-chain SFAs, % by wt and pg/mL) and
odd-chain SFAs (including 17:0 and sum of odd-chain
SFAs, % by wt) but higher levels of even-chain SFAs
(including 14:0, 16:0, and sum of even-chain SFAs, % by
wt) (Table 2).

SPRINGER NATURE
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Table 2 Levels of plasma SFAs in PIH cases and controls
Fatty acids Concentration (ug/ml) Percentage (% by wt)

Controls (n = 184) Cases (n=92) P value® Controls (n=184) Cases (n=92) P value®

Odd-chain SFAs

Pentadecanoic acid (15:0) 2.60 (2.14, 3.43) 2.60 (2.00, 3.59) 0.81 0.12 (0.10, 0.14) 0.11 (0.10, 0.14)  0.21
Heptadecanoic acid (17:0) 4.38 (3.81, 5.31) 4.30 (3.36, 5.31) 0.29 0.20 (0.18, 0.22) 0.19 (0.17, 0.21)  0.001
Sum of odd-chain SFAs  7.19 (5.94, 8.76) 6.82 (5.35,9.03) 0.51 0.32 (0.29, 0.36) 0.30 (0.27, 0.35)  0.01

Even-chain SFAs
Myristic acid (14:0)
Palmitic acid (16:0) 490.13 (416.00, 561.63)
Stearic acid (18:0) 146.17 (126.35, 169.78)
Sum of even-chain SFAs 650.12 (553.76, 743.56)

Very long chain SFAs

12.48 (8.72, 19.00)

13.75 (9.82, 25.88) 0.06
516.90 (406.77, 666.71) 0.15
150.33 (124.47, 176.07) 0.80
681.38 (527.10, 863.30) 0.19

0.56 (0.41, 0.79)  0.65 (0.48, 0.91)  0.03
21.54 (20.39, 22.81) 22.15 (21.09, 23.99) 0.002
6.65 (6.17, 7.19)  6.55(5.95,6.97) 0.11
28.77 (27.39, 30.16) 29.59 (28.28, 31.10) 0.005

Arachidic acid (20:0) 2.62 (2.16, 3.14) 2.27 (1.92, 2.82) 0.01 0.12 (0.09, 0.14)  0.11 (0.08, 0.13)  0.01
Behenic acid (22:0) 2.07 (1.41, 2.93) 1.54 (1.12, 2.58) 0.01 0.09 (0.06, 0.14)  0.08 (0.05, 0.10)  0.01

Lignoceric acid (24:0)  2.07 (131, 2.82) 1.46 (1.02, 2.41) 0.001  0.09 (0.06,0.13)  0.07 (0.04, 0.10)  0.001
Sum of very long 6.60 (4.93, 8.87) 5.15 (4.09, 7.74) 0.003 030 (0.21,041)  0.24(0.17, 0.33)  0.003

chain SFAs

Sum of SFAs 664.51 (564.23, 757.37)

694.99 (542.15, 876.46) 0.22

29.42 (28.05, 30.81) 30.11 (28.83, 31.70) 0.01

PIH pregnancy-induced hypertension, SFAs saturated fatty acids. Sum of odd-chain SFAs were the sum of 15:0 and 17:0, Sum of even-chain SFAs
were the sum of 14:0, 16:0, and 18:0, Sum of very long chain SFAs were the sum of 20:0, 22:0, and 24:0, Sum of SFAs were the sum of odd-chain

SFAs, even-chain SFAs and very long chain SFAs
Values are medians (25th, 75th percentiles)
P values were derived from Wilcoxon rank sum test

Associations between maternal plasma SFA levels
and the risk of pregnancy-induced hypertension

In general, the risk of PIH was negatively associated with
very-long-chain SFAs and was positively associated with
even-chain SFAs (Table 3). For very long chain SFAs,
higher levels of circulating 20:0, 22:0, and 24:0 were
significantly associated with a lower risk of PIH. The
adjusted ORs (95% ClIs) from the comparison of tertile 3
versus tertile 1 were 0.40 (95% CI: 0.17, 0.92; p-Trend =
0.02) for 20:0, 0.30 (95% CI: 0.12, 0.71; p-Trend =
0.007) for 22:0, and 0.26 (95% CI: 0.11, 0.64; p-Trend =
0.002) for 24:0. A similar association was also observed
for the sum of very-long-chain SFAs [OR (95% CI) =
0.29 (0.12, 0.70); p-Trend =0.005]. In addition, 24:0
expressed as a percentage was associated with a 61%
decreased risk of PIH [OR (95% CI) =0.39 (0.17, 0.92);
p-Trend = 0.03], comparing tertile 3 to tertile 1. After
multiple testing correction, these negative associations
remained significant (p-FDR <0.05). In contrast, a posi-
tive association of even-chain SFAs with the risk of PIH
was observed. The adjusted ORs (95% Cls) of PIH
comparing tertile 3 to tertile 1 of fatty acid percentages
were 2.92 (95% CI: 1.27, 6.74; p-Trend = 0.02) for 14:0
and 2.85 (95% CI: 1.18, 6.89; p-Trend = 0.02) for 16:0.

SPRINGER NATURE

For odd-chain SFAs, no significant difference was
observed in the adjusted model. When calculating the sum
of all SFAs, we did not find a significant association with
the risk of PIH.

Sensitivity analyses

Among pregnant women with normal prepregnancy BMI,
very-long-chain SFAs were negatively associated with the
risk of PIH, whereas even-chain SFAs were positively
associated with the risk of PIH. For example, the results of
adjusted models showed that the ORs (95% Cls) of PIH
from the comparison of tertile 3 to tertile 1 were 0.36
(95% CI: 0.14, 0.97; p-Trend = 0.03) for 22:0, and 2.75
(95% CI: 1.06, 7.14; p-Trend = 0.03) for 16:0 (Supple-
mentary Table 2). After excluding the participants with
GDM, significant associations of very-long-chain SFAs
with the risk of PIH were still observed (Supplementary
Table 3).

Discussion

In the present study, we found that different subclasses
of SFAs had distinct patterns of association with the risk of
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PIH. All individual very-long-chain SFAs and the sum of
very-long-chain SFAs were negatively correlated with the
risk of PIH, whereas 14:0, 16:0, and the sum of even-chain
SFAs were positively correlated with the risk of PIH. No
significant relationships were observed for 15:0, 17:0, or the
sum of odd-chain SFAs.

For studies of fatty acids and blood pressure or hyper-
tension, many researchers have focused on the effect of
PUFAs, especially n-3 and n-6 PUFAs [29-33]. For
example, one study from a birth cohort found that higher
levels of plasma n-3 PUFAs were associated with a lower
risk of PIH [32]. However, to date, the role of SFAs in
blood pressure or hypertension has not been reported as a
special topic. As far as we know now, only one study
explored the association of SFAs with blood pressure
among pregnant women and showed a positive association
between serum total SFA concentrations and systolic blood
pressure levels [46]. However, our study did not find a
relationship between the sum of SFAs and the risk of PIH.
A prospective study in US men also reported that SFA
intake was uncorrelated with incident hypertension [16].
The discrepancy may be due to differences in the participant
characteristics, biological samples, and study designs.
Interestingly, consistent with previous studies among non-
pregnant populations [21, 46], we also observed that even-
chain SFAs, including 14:0 and 16:0, were positively cor-
related with the risk of hypertension. A community study of
middle-aged adults in the USA reported that the baseline
levels of 16:0 in plasma cholesterol esters were significantly
higher in hypertensive patients than normotensive patients
[21]. Similarly, a retrospective study indicated that positive
linear associations of 14:0 and 16:0 with blood pressure
existed in middle-aged adults [47]. For very-long-chain
SFAs, we found that elevated levels of 20:0, 22:0, 24:0, and
the sum of very-long-chain SFAs were significantly asso-
ciated with a lower risk of PIH. Sensitivity analysis after
excluding the participants with GDM also showed the same
direction of association. Although no other studies have
investigated the relationship of very-long-chain SFAs with
hypertension, numerous recent studies have shown negative
associations of very-long-chain SFAs with multiple health
outcomes, including diabetes, cardiovascular diseases, and
cancers [17, 25-27]. Taken together, these studies suggest
potential beneficial effects of very long chain SFAs and
provide a great incentive for further research on this sub-
class of SFAs.

The biological mechanisms underlying the different
associations of SFA subclasses with the risk of PIH are
unknown. Increasing evidence in vitro and in vivo suggests
that inflammation and apoptosis play important roles in the
pathophysiological processes of hypertension, which can
potentially cause vascular endothelial injury and peripheral
vascular resistance, further leading to hypertension [48, 49].

Considering these pathophysiological factors, various plau-
sible mechanisms may support our findings. Multiple studies
have affirmed that very-long-chain SFAs are associated with
the resolution of inflammation, whereas even-chain SFAs can
promote inflammation [50-52]. Additional findings have also
demonstrated that high levels of very-long-chain SFAs may
indirectly reflect high activity of peroxisome proliferator
activated receptor o (PPARa), which may trigger the
synthesis of very-long-chain SFAs [53, 54]. After PPAR«a
activation, the inflammatory process could be restrained by
blocking the transcription of genes related to inflammation
and by inhibiting de novo lipogenesis, resulting in lower
endogenous even-chain SFA production [53-55]. Therefore,
different SFAs could cause changes in PIH risk by mod-
ulating inflammation. In addition, data from in vitro studies
indicated that ceramides with distinct chain lengths of fatty
acids play different roles in apoptosis [50, 56]. It is well
known that apoptosis in vascular endothelial cells can pro-
mote the occurrence and progression of hypertension
[48, 57]. The evidence from several groups suggests that 16:0
ceramides may induce apoptosis, whereas 22:0 and 24:0
ceramides may prevent apoptosis [50, 58]. Accordingly, it is
reasonable for us to assume that ceramides containing dif-
ferent SFAs may affect the risk of PIH by regulating the
apoptosis of vascular endothelial cells. As discussed above,
the diverse direction of the effects of SFA subclasses on the
risk of PIH may be attributed to their different biological
actions, including modulation of inflammation and vascular
endothelial apoptosis.

Our study has several strengths. The nested case—control
design enabled us to select all PIH cases and matched
control subjects to avoid selection bias. In addition, we
objectively evaluated levels of circulating fatty acids by
measuring fatty acids in plasma instead of by dietary sur-
vey, which may result in reporting bias. More importantly,
circulating fatty acids are derived from exogenous and
endogenous sources. As the exogenous source, dietary
intake of fatty acids could not reflect all circulating fatty
acid levels. Finally, the detailed record of information on
sociodemographic characteristics and medical records may
provide reliable data on potential confounders and reduce
recall bias. However, some limitations should also be
mentioned. First, causality cannot be established due to the
observational design. In addition, we cannot control the
effect of other unmeasured factors on the results. For
example, detailed dietary factors, dietary salt intake and
biochemical indicators were not considered, which may
partly affect the relationship of fatty acids with the risk of
PIH. Last, since the participants in our study came from a
birth cohort in China, the research findings may not be
generalizable to other ethnic and racial groups.

Our results suggest that pregnant women with higher
levels of very-long-chain SFAs may have a lower risk of
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PIH, whereas higher levels of even-chain SFAs may
increase the risk of PIH. These novel findings provide
convincing epidemiological evidence that different circu-
lating SFAs exert potential diverse effects on the risk of
PIH. The conventional attitudes toward the health effects of
SFAs should be updated. Dietary very-long-chain SFAs
may be a novel means by which to prevent hypertension.
Future studies are required to confirm these associations in
other larger populations and elucidate the underlying
mechanisms.
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