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Preterm-born individuals have an increased risk of developing cardiovascu-
lar disease.’ Biomarkers identifying individuals at risk are important for
early detection and to optimize prevention strategies. Elevated blood pres-
sure (BP) and increased arterial stiffness are both biomarkers of increased
cardiovascular risk already in childhood and adolescence after preterm
birth.? Since inflammation and cardiovascular disease are intertwined, plas-
ma biomarkers of inflammation evolved as interesting predictors of disease
progression and outcome.?

The current study explored associations between plasma biomarkers of
inflammation, including sphingosine-1-phosphate (S1P) and the cardiovas-
cular biomarkers BP and aortic stiffness with respect to prematurity and
sex. As part of a prospective cohort study of adolescents born very pre-
term (approved by the Regional Ethical Review board in Lund, Sweden;
Dnr 2013/244),* this exploratory study included adolescents born before
30 weeks of gestation due to verified foetal growth restriction or with nor-
mal foetal growth (n = 50; 54% girls) and term-born controls matched for
sex (n=29; 52% girls) who accepted to participate in a follow-up study
during adolescence (N =79 out of N =102). Adolescent participants vol-
untarily underwent sampling of blood and urine, 24-h ambulatory BP meas-
urement, and magnetic resonance imaging for thoracic aorta stiffness
assessment and S1P concentration determination by liquid chromatog-
raphy —coupled tandem mass spectrometry.” Group differences between
very preterm and term groups were assessed by Mann—Whitney U test
with exact P-value computation. Plasma markers of inflammation quanti-
fied at the hospital laboratory or assessed by Bio-Plex Pro™ (Bio-Rad
Laboratories, Hercules, CA, USA) were tested for correlation with BP,
pulse wave velocity (PWV), and aortic distensibility using Spearman’s
rank-order correlation testing. Fisher’s Z test was used to assess the signifi-
cance of differences between two correlation coefficients from independ-
ent samples. To control for family-wise error rates for all presented
comparisons, additional adjusted P-value computation was performed
using the Holm method. The investigation conforms to the principles out-
lined in the Declaration of Helsinki. All participants and when appropriate
their guardians provided written informed consent prior to participation.

Preterm birth and a subsequent increase in BP and arterial stiffness are
well described** and confirmed by results in the current study. Additional
sex-specific analysis revealed higher BP variables in very preterm boys

compared to very preterm-born girls, while PWV was higher in very pre-
term girls compared to girls born at term (Table 1A).

Standard clinical inflammation and cardiovascular markers (e.g. C-reactive
protein and estimated glomerular filtration rate, eGFR) did not differ be-
tween adolescents born very preterm or term, even when stratifying for
sex (Table 1, part A). However, the observed sex-specific correlation be-
tween C-reactive protein and nighttime diastolic BP in only boys (°** =
0381, r¥™ =0214; z=1.859; P=0.032) may be indicative of increased
cardiovascular risk in boys as previously discussed.® Similarly, eGFR was high-
eringirls (Table 1, part A) and negatively correlated with daytime diastolic BP
in girls (" =—0.082 and r#" = —0.238; z =2.495; P = 0.013). These re-
sults verify recent findings showing impaired kidney function in adolescent
girls born very preterm’ and support the strong association between very
preterm birth and reduced kidney function.?

In addition to established clinical biochemical markers, inflammatory
cytokines (including interleukin-2, -7, -8, and -12, interferon gamma,
and tumour necrosis factor alpha) were screened to investigate possible
associations with BP and arterial stiffness. Most cytokines were detected
in low ranges and reported as normal, as expected for generally healthy
subjects. However, macrophage inflammatory protein 1 beta (MIP-18)
and monocyte chemoattractant protein-1 (MCP-1) levels were higher
in adolescents born very preterm. In girls, MIP-13 further presented
with higher levels in the very preterm group compared to term controls
(Table 1, part A). While MIP-1f did not correlate with BP neither in the
entire cohort nor sex-specifically, MCP-1 positively correlated with
daytime systolic, diastolic, and mean arterial BP in girls but not in boys
(r"°* =0.106-0.194; P=0.599-0.332; P.gj=10.590-0.422 and e =
0.355-0.404; P=0.044-0.023; P,y =0.046-0.043). Elevations of the
pro-inflammatory cytokines MIP-1 and MCP-1 and higher yet normal
BP in the current study are indicative of a possible predisposition for fu-
ture hypertension. Since higher circulating MCP-1 levels link to higher
long-term cardiovascular mortality,” follow-up studies in adulthood
may explore the prognostic value of these findings and may potentially
help guide future therapy and cardiovascular intervention.

The current study is the first to determine plasma concentration of
S1P in adolescents and to investigate its potential association with BP, ar-
terial stiffness, and biochemical markers of inflammation and cardiovascular
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function in adolescents born very preterm. S1P is an important regulator of
both vascular and immune cell function and associates with increments in BP;
hence, it has been suggested as a biomarker of vascular dysfunction and a
predictive marker for hypertensive disease.” Despite the lack of differences
in plasma S1P levels between adolescents born very preterm and term
(Table 1, part A), S1P correlated with several BP variables (Table 1B). This
supports the recently proposed associations between plasma S1P and sys-
tolic BP in adults.® Sex-specificity of different correlations between S1P
and BP variables remained significant only for daytime SBP in boys after cor-
rection for multiple comparisons (see P, vs. P; Table 1, part B).

For most associations with BP, S1P performed similar or better than
routine clinical markers, including eGFR (daytime diastolic BP: r=—0.366;
P.g;=0.032 vs. r=0.333; P,5;=0.050 for S1P) or CRP (r=0.152-0.112;
P.gj=0.247-0.778 vs. r=0.362-0.323; P,q=0.044-0.047 for S1P). In
contrast to CRP and eGFR, S1P further correlated with aortic distensibility
sex-specifically in girls (Table 1, part B).

Although associations between S1P and markers of inflammation and
cardiovascular disease have been reported,® controversies regarding sex-
dependency of S1P plasma responses remain. Considering the effect of
oestrogen on S1P plasma concentrations,'® there is a need to establish ref-
erence values for S1P plasma levels in adolescents. Nonetheless, S1P
emerges as promising marker for increased cardiovascular risk as the cur-
rent study showed a convincing correlation with both BP and aortic disten-
sibility in contrast to classical clinical markers.

In conclusion, S1P and the inflammatory cytokine MCP-1 outperformed
standard clinical biochemical markers with respect to their correlations
with BP and/or arterial stiffness. Thus, the use of S1P and MCP-1 may po-
tentially help guide cardiovascular risk stratification in those born very
preterm.

Limitations

The sample size may be considered small, but it has been shown to be ad-
equate in previous studies using methods with high accuracy and sensitivity
that also limit potential power and type Il errors. Additionally, studies in
this area that assess cardiovascular parameters in a similar manner (i.e.
using cardiac MRI, PWV, ABPMs, and clinical plasma markers) are generally
similarly powered. This study is explorative in nature and therefore reports
adjusted P-values in addition to P-values that have not been corrected for
multiple comparisons. As a hypothesis-generating study, the objective was
not to establish causality between or within observed relationships.
Further studies are needed to explore the generalizability and potential
clinical practicality of the identified biomarkers. Moreover, verification of
S1P and MCP-1 levels and their associations with BP and arterial stiffness
is warranted in other relevant cohorts testing the effect of preterm birth
on cardiovascular health in adolescents and later in life. The original study
included all foetuses who met the inclusion criteria and presented at Skéne
University Hospital, Lund, Sweden, between 1998 and 2004.* This demo-
graphic represents the general population of the southern part of Sweden.
Race and ethnicity data were not collected.
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