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Effects of NAMPT polymorphisms and haplotypes on
circulating visfatin/NAMPT levels in hypertensive
disorders of pregnancy

Marcelo R Luizon1, Vanessa A Belo1, Ana CT Palei2, Lorena M Amaral1, Riccardo Lacchini3,
Valeria C Sandrim4, Geraldo Duarte5, Ricardo C Cavalli5 and Jose E Tanus-Santos1

Dysregulation of adipocytokines may be associated with endothelial dysfunction in women with preeclampsia (PE), who are at

increased risk of future cardiovascular disease. Visfatin, an adipocytokine with a potential cardiovascular role, is also known as

nicotinamide phosphorybosil transferase (NAMPT). NAMPT gene polymorphisms affect circulating visfatin/NAMPT levels in

obesity. Most findings provide evidence for increased visfatin/NAMPT circulating levels in PE. However, no previous study has

tested the hypothesis that NAMPT polymorphisms affect visfatin/NAMPT levels in hypertensive disorders of pregnancy. We

studied the effects of the NAMPT polymorphisms T4C (rs1319501) and A4G (rs3801266), and the haplotypes formed by

them on visfatin/NAMPT levels and whether these genetic markers are associated with gestational hypertension (GH) and PE.

We studied 212 healthy pregnant (HP), 181 patients with GH and 208 with PE. Genotypes were determined by Taqman allele

discrimination assays. Plasma visfatin/NAMPT levels were measured by ELISA. No significant differences in visfatin/NAMPT

levels were found among the groups. However, higher visfatin/NAMPT levels (Po0.05) were found in GH patients carrying the

AG or the GG genotypes for the rs3801266 polymorphism or the ‘T, G’ haplotype. The TC and CC genotypes and the C allele for

the rs1319501 polymorphism were more frequent in the HP than in the PE group (Po0.05). Moreover, the ‘C, A’ haplotype was

also more frequent in the HP than in the PE group (Po0.01). Our findings suggest that although the rs3801266 polymorphism

and the ‘T, G’ haplotype affect visfatin/NAMPT levels in GH, the rs1319501 polymorphism and the ‘C, A’ haplotype affect the

susceptibility to PE.
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INTRODUCTION

Hypertensive disorders of pregnancy are associated with increased
maternal and perinatal mortality and morbidity, and affect up to 10%
of pregnancies.1 Although the mechanisms responsible for preeclamp-
sia (PE) are not fully elucidated, reduced placental perfusion is
postulated as an initiating mechanism, which leads to widespread
dysfunction of the maternal vascular endothelium and hypertension.2,3

Women with a history of PE are at increased risk of future
cardiovascular disease (CVD).4,5 Endothelial, vascular and metabolic
dysfunction during PE are among the potential mechanisms under-
lying the increased risk of CVD.4 Obesity is a major risk factor for
both PE and CVD,6,7 and dysregulated adipocytokine release by
adipocytes may be associated with endothelial dysfunction in pre-
eclamptic women.8 In addition, adipocytokines may have a role in the

critical process of trophoblast invasion and successful placentation,
which requires appropriate angiogenesis, as previously reviewed.9

Therefore, adipocytokines may be of pathophysiological significance
for both PE10,11 and many CVD including hypertension.12

Visfatin is a recently described adipocytokine, also known as
nicotinamide phosphorybosil transferase (NAMPT), which has a
potential role in the pathophysiology of metabolic disorders such as
hypertension and obesity.13 Visfatin/NAMPT was proposed as a
biomarker of endothelial dysfunction and vascular damage, but further
studies are required to confirm visfatin/NAMPT as a target in
cardiometabolic diseases.14 Previous studies reviewed the contribution
of visfatin/NAMPT in PE.15 Most findings provide evidence for
increased circulating visfatin levels16–20 in patients with PE, although
decreased serum visfatin levels21 or visfatin expression have also been
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reported in PE.22 Moreover, other studies found no differences in
circulating visfatin levels when normal pregnant were compared with
patients with PE.23,24

We have recently reported that haplotypes of the NAMPT gene
affect plasma visfatin/NAMPT levels in healthy but not in obese
children and adolescents.25 We focused on single-nucleotide poly-
morphisms (SNPs) in the promoter region (T4C, rs1319501) and in
the intron 1 (A4G, rs3801266) of the NAMPT gene, which have been
associated with obesity and CVDs.25–27 However, no previous study
has examined whether NAMPT polymorphisms and haplotypes affect
plasma visfatin/NAMPT levels in hypertensive disorders of pregnancy.
It is possible that patients with gestational hypertension (GH) and PE
carrying specific NAMPT genotypes or haplotypes have different
plasma visfatin/NAMPT levels.
In the present study, we aimed at comparing the plasma visfatin/

NAMPT levels in healthy pregnant (HP) with those found in patients
with GH or PE. We then examined whether NAMPT polymorphisms
or haplotypes affect plasma visfatin/NAMPT levels in the HP, GH and
PE groups, and whether they are associated with susceptibility to GH
and PE.

METHODS

Study population
Approval for use of human subjects was obtained from the Institutional Review
Board at the Ribeirao Preto Medical School, University of Sao Paulo. All
volunteers were consecutively enrolled at the Department of Obstetrics and
Gynecology, University Hospital. We studied 601 pregnant: 212 HP with
uncomplicated pregnancies, 181 women with GH and 208 women with PE.
Hypertensive disorders were defined in accordance with the National High
Blood Pressure Education Program Working Group on High Blood Pressure in
Pregnancy.28 GH was defined as pregnancy-induced hypertension (⩾140
mmHg systolic or ⩾ 90mmHg diastolic on two or more measurements at
least 6 h apart) in a woman after 20 weeks of gestation, and returning to normal
by 12 weeks post-partum. PE was defined as GH plus significant proteinuria
(⩾0.3 g per 24 h). No women with pre-existing hypertension, with or without
superimposed PE, were included in the present study. Methyldopa was the
initial antihypertensive treatment during pregnancy. If the pregnant did not

respond to methyldopa, nifedipine and/or hydralazine were added to achieve
desired blood pressure levels.
At the time of clinic attendance, written informed consent was provided and

maternal venous blood samples were collected. Genomic DNA was extracted
from the cellular component of 1 ml of whole blood by a salting-out method
and stored at − 20 °C until analyzed. Plasma samples were obtained after
centrifugation of whole blood, collected into tubes containing EDTA and
centrifuged at 2000 g for 10min. Those samples were stored at − 70 °C until
assayed.

Enzyme immunoassays of visfatin/NAMPT
Visfatin/NAMPT concentrations were measured in EDTA-plasma using a kit
(RayBio Human Visfatin EIA–VIS–1, Norcross, GA, USA) according to the
manufacturer’s instructions. The intra-assay and inter-assay coefficient of
variation were o10.0%, and o15.0%, respectively. The samples that showed
concentrations below the limit of detection of the assay (0.778 ng/ml) were
reanalyzed.

Genotype determination
Genotypes for two SNPs were determined: the T4C at position –423 in the
promoter region (dbSNP ID: rs1319501; Assay ID: C_7590641_30), and A4G
in the intron 1 (dbSNP ID: rs3801266; Assay ID: C_340124_10) of NAMPT
gene were determined by Taqman Allele Discrimination Assays (Applied
Biosystems, Carlsbad, CA, USA). Real-time PCR was performed in a total
volume of 12 μl (3 ng of DNA, 1× TaqMan master mix, 1x assay mix) placed
in 96-well PCR plates. Fluorescence from PCR amplification was detected using
StepOne Plus Real-Time PCR device (Applied Biosystems) and analyzed with
manufacturer’s software.

Statistical analysis
The clinical characteristics and the effects of genotypes and haplotypes on
circulating visfatin/NAMPT levels were compared by analysis of variance
followed by Tukey test (normally distributed variables) or Kruskall–Wallis test
followed by Dunn's Multiple Comparison test (not normally distributed
variables). The categorical variables were compared by χ2 tests. The distribution
of genotypes for each polymorphism was assessed for deviation from the
Hardy–Weinberg equilibrium, and differences in genotype frequency and in
allele frequency were assessed using χ2 tests. A value of Po0.05 was considered

Table 1 Clinical and demographic characteristics of the study subjects

Parameters Healthy pregnant (n=212) Gestational hypertension (n=181) P values Preeclampsia (n=208) P values

Age (years) 24.55±0.41 27.27±0.51a 0.001 26.59±0.46a 0.001

Ethnicity (% White) 68.22 72.40 0.789 71.20 0.524

Current smoking (%) 9.0 11.0 0.521 8.6 0.892

BMI (kgm−2) 23.29±0.35 28.18±0.69a 0.000 27.34±0.46a 0.000

SBP (mmHg) 110.6±0.79 133.1±1.34a 0.000 140.1±1.46a,b 0.000

DPB (mmHg) 71.54±0.64 83.72±0.95a 0.000 88±0.88a,b 0.000

HR (beats per min) 82.01±0.64 81.56±0.56 0.598 82.34±0.63 0.714

Fasting glucose (mg dl−1) 75.04±1.04 78.56±1.04a 0.018 80.69±1.78a 0.006

Hb (g dl−1) 11.87±0.13 11.89±0.09 0.900 11.89±0.10 0.905

Hct (%) 35.65±0.44 35.77±0.27 0.808 35.92±0.29 0.598

Creatinine (μmol l−1) 66.7±2.8 62.1±0.9 0.260 70.4±1.6b 0.632

24- h Pr (mg per 24 h) ND 65.94±8.1 874.2±110.2b 0.000

Primiparity (%) 49.2 39.8 0.067 44.2 0.318

GAD (weeks) 39.8±0.1 38.9±0.1a 0.000 36.1±0.3a 0.000

Newborn weight (g) 3297±34.6 3201.0±41.7 0.095 2542.0±64.7a 0.000

GAS (weeks) 36.8±0.2 36.0±0.5 0.330 34.1±0.2a 0.000

Antihypertensive treatment (%) ND 60.7 61 0.977

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; GAD, gestational age at delivery; GAS, gestational age at sampling; Hb, hemoglobin concentration; Hct, hematocrit; HR, heart
rate; ND, not determined (however, negative dipstick test); SBP, systolic blood pressure; 24-h Pr, 24-h proteinuria.
Antihypertensive treatment: methyldopa, nifedipine and hydralazine. Values are the mean± s.e.m.
aPo0.05 vs. healthy pregnant group.
bPo0.05 vs. gestational hypertension group.
Significant P values are in bold.
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significant. Given the sample size of this study, the detectable odds ratio is 1.5

considering a statistical power of 80% and an alpha of 0.05, calculated using the

PGA Matlab software.29

Haplotype frequencies were estimated by using Haplo.stats package

version 1.4.4 (http://cran.r-project.org/web/packages/haplo.stats/index.html),

as described in detail elsewhere.30,31 The possible haplotypes including the

alleles of the two NAMPT polymorphisms T4C (rs1319501) and A4G
(rs3801266) were: ‘T, A’, ‘T, G’, ‘C, A’ and ‘C, G’. However, we have excluded
the ‘C, G’ haplotype from the analysis because of its low frequency. Differences
in haplotype frequencies were tested using χ2 tests, and a value of Po0.0125
(0.05/4, the number of haplotypes) was considered significant to correct
for the number of comparisons made (Bonferroni’s correction). Linkage
disequilibrium (LD) was assessed by calculating D′ using Haploview software
(version 4.2; http://www.broad.mit.edu/mpg/haploview/). Multivariate logistic
regression analysis was performed by using the JMP software 5.0.1a (SAS
Institute, Cary, NC, USA). Age, gestational age at delivery, fasting glucose and
body mass index were considered as independent variables.
To further examine the effects of NAMPT haplotypes on visfatin/NAMPT

levels, we have also performed an additional analysis. We compared NAMPT
haplotypes distributions in two groups of HP, GH and PE patients: the lower
and the upper groups, which included subjects with the lower and upper values
of plasma visfatin/NAMPT levels distribution, respectively.

RESULTS

The clinical and demographic characteristics of pregnant enrolled in
this study are shown in Table 1. HP, GH and PE women showed
similar ethnicity (% white), % current smoking, hemoglobin, hema-
tocrit and creatinine (all P40.05). As expected, PE and GH presented
higher systolic and diastolic blood pressure compared with HP (both
Po0.05). It should be noted, however, that most patients were
receiving antihypertensive therapy. The percentage of GH and PE
patients who received antihypertensive treatment is shown in Table 1.
GH and PE were older than HP (Po0.05). Increased body mass index
and fasting glucose was found in GH and PE patients compared with
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Figure 1 Plasma visfatin/nicotinamide phosphorybosil transferase (NAMPT)
concentrations in healthy pregnant (N=107), patients with gestational
hypertension (N=105) and preeclampsia (N=90). The bars show the
mean± s.e.m.

Table 2 NAMPT genotypes and allele frequencies in healthy pregnant, gestational hypertension and preeclampsia groups

Genotype or

allele

Health pregnant

(n=212, %)

Gestational hypertension

(n=181, %) OR (95% CI)

P

values

Preeclampsia

(n=208, %) OR (95% CI)

P

values

rs1319501 T4C
TT 117 (55) 108 (60) 1.000 (Reference) — 141 (68) 1.000 (Reference) —

TC 77 (36) 63 (35) 0.886 (0.580–1.354) 0.576 58 (28) 0.625 (0.411–0.951) 0.027a

CC 18 (9) 10 (5) 0.602 (0.266–1.361) 0.235 9 (4) 0.415 (0.179–0.958) 0.034a

T 311 (73) 279 (77) 1.000 (Reference) — 340 (82) 1.000 (Reference) —

C 113 (27) 83 (23) 0.819 (0.591–1.135) 0.229 76 (18) 0.615 (0.443–0.855) 0.003a

rs3801266 A4G
AA 108 (51) 86 (48) 1.00 (Reference) — 94 (45) 1.000 (reference) —

AG 84 (40) 86 (48) 1.286 (0.850–1.944) 0.232 96 (46) 1.06 (0.68–1.66) 0.184

GG 20 (9) 9 (4) 0.565 (0.244–1.304) 0.177 18 (9) 1.14 (0.66–1.97) 0.924

A 300 (71) 258 (71) 1.000 (Reference) 284 (68) 1.000 (Reference)

G 124 (29) 104 (29) 0.975 (0.716–1.330) 0.874 132 (32) 1.124 (0.838–1.509) 0.434

Abbreviations: CI, confidence interval; NAMPT, nicotinamide phosphorybosil transferase gene; OR, odds ratio.
aPo0.05 vs. health pregnant group.

Table 3 NAMPT haplotypes frequencies in healthy pregnant, gestational hypertension and preeclampsia groups

Haplotype

Healthy pregnant

(RF; n=424)

Gestational hypertension

(RF; n=362)

P

values OR (95% CI)

Preeclampsia

(RF; n=416)

P

values OR (95% CI)

T, A 0.4454 0.4834 0.2725 1.0000 (Reference) 0.5146 0.0754 1.000 (Reference)

T, G 0.2880 0.2872 0.9304 0.9222 (0.6583–1.2919) 0.3026 0.4918 0.9288 (0.6735–1.2809)

C, A 0.2621 0.2292 0.2672 0.8216 (0.5842–1.1555) 0.1680 0.0025a 0.5688 (0.3962–0.8164)

Global-stat=2.18343, df=3, P=0.53522b Global-stat=10.509, df=3, P=0.014702a,c

Abbreviations: CI, confidence intervals; NA, not available; NAMPT, nicotinamide phosphorybosil transferase gene; OR, odds ratio; RF, relative frequency.
Global Score Statistics:
aStatistically significant: Po0.05 vs. healthy pregnant group.
bGestational hypertension vs. healthy pregnant.
cPreeclampsia vs. healthy pregnant.
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HP group (all Po0.05). We found lower gestational age at delivery
(GAD) in GH and PE, and lower newborn weights and gestational age
at sampling in PE (all Po0.05) compared with HP. Significant
proteinuria was found in PE.
For technical reasons, we were not able to measure the plasma

visfatin/NAMPT levels for all subjects enrolled in the study. Therefore,
the values are shown for 107 HP women, 105 patients with GH and 90
patients with PE (Figure 1). We found no significant differences in
visfatin/NAMPT levels among HP, GH and PE (P40.05; Figure 1).
Genotypes and alleles distribution are shown in Table 2. The

distribution of genotypes for each polymorphism showed no deviation
from Hardy–Weinberg equilibrium. The TC and CC genotypes and
the C allele for the T4C (rs1319501) polymorphism were found at
higher frequency in HP when compared with PE group (Po0.05;
Table 2). The associations of the C allele and the CC genotype were
confirmed in the multivariate logistic regression analysis adjusted for
independent variables (Supplementary Table 1). Conversely, we found
no significant differences in genotype and allele frequencies for the
A4G (rs3801266) polymorphism when the groups were compared
(P40.05; Table 2). Haplotypes distributions are shown in Table 3.
The ‘C, A’ haplotype was more common in the HP group than in the
PE group (Po0.01; Table 3). Conversely, we found no significant
differences when the HP and the GH groups were compared (P40.05;
Table 3).
We examined the effects of NAMPT genotypes and haplotypes on

plasma visfatin/NAMPT levels. We found no effects of the different
genotypes for the T4C (rs1319501) polymorphism on plasma
visfatin/NAMPT levels (P40.05; Figure 2a). Conversely, we found
that GH patients carrying the AG and GG genotypes for the A4G
(rs3801266) polymorphism showed higher visfatin/NAMPT levels
than GH patients carrying the AA genotype (Po0.05; Figure 2b).
We were able to detect the effects of different genotypes for the
NAMPT polymorphism rs3801266 on visfatin/NAMPT levels with a
power of 56%. Regarding the haplotypes, GH patients carrying the
‘T, G’ haplotype showed higher plasma visfatin/NAMPT levels than
the other haplotypes (Po0.05; Figure 2c), but we found no significant
differences when comparing different haplotypes within the HP and
PE groups (P40.05; Figure 2c).
We performed a further analysis and compared the lower and upper

groups of plasma visfatin/NAMPT values (Table 4). We confirmed
that the ‘T, G’ haplotype was more common in the upper group when
considering the GH patients (Po0.05; Table 4), but we found no
differences between the lower and upper groups when considering HP
and PE patients (Supplementary Tables 2 and 3, respectively).
However, it should be noted that the ‘C, A’ haplotype tended to be
more frequent in the lower group of plasma visfatin/NAMPT values
when considering either GH (P= 0.056, Table 4) or PE patients
(P= 0.062, Supplementary Table 3).

DISCUSSION

The main novel findings reported here were that (1) GH patients
carrying the AG and GG genotypes for the NAMPT A4G (rs3801266)
polymorphism and the ‘T, G’ haplotype showed increased plasma
visfatin/NAMPT levels, and that (2) the TC and CC genotypes and the
C allele for the NAMPT T4C (rs1319501) polymorphism and the ‘C,
A’ haplotype may protect against PE.
Discordant findings have been reported regarding maternal circu-

lating visfatin/NAMPT levels patients with PE. Most studies provide
evidence for increased plasma visfatin levels in PE as compared with
normotensive pregnant16,20 or increased serum visfatin levels in
PE17,19 and in the 11–13th weeks of pregnancy in women who
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Figure 2 Plasma visfatin/NAMPT levels in healthy pregnant (N=107),
patients with gestational hypertension (N=105) and preeclampsia (N=90)
grouped according to the genotypes for the NAMPT polymorphisms T4C
(rs1319501, a) and A4G (rs3801266, b), and the haplotypes formed by
them (c). The bars show the mean± s.e.m. *Po0.05 vs. the gestational
hypertension subjects with the AA genotype (b), or vs. gestational
hypertension subjects with TA or CA haplotypes (c).
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developed PE.18 Conversely, other studies showed decreased serum
visfatin levels in PE21 or decreased visfatin expression in the placental
bed in PE as compared with normotensive controls.22 However, we
found no significant differences in plasma visfatin/NAMPT levels
when we compared the HP, GH and PE groups. Our findings are
supported by other studies showing no differences in maternal plasma
or serum visfatin concentrations in normal pregnant compared with
patients with PE,23 or to patients with GH.24 Although we have no
precise explanation for these discordant findings, they may be
attributed to differences between the studied populations, differences
between plasma and serum, differences in sensitivity and specificity of
different visfatin immunoassays,32 and to differences of gestational age
at sampling.
Although no study has examined the effects of NAMPT poly-

morphisms on circulating visfatin/NAMPT levels in hypertensive
disorders of pregnancy, we have previously found increased plasma
visfatin/NAMPT levels in control and obese subjects carrying the GG
genotype for the NAMPT A4G (rs3801266) polymorphism.25 More-
over, the ‘T, G’ haplotype was associated with higher plasma visfatin/
NAMPT levels in control subjects, but not in obese children and
adolescents.25 These results are in line with our findings showing that
the AG and the GG genotypes for the A4G (rs3801266) polymorph-
ism and the ‘T, G' haplotype are associated with higher plasma
visfatin/NAMPT levels in GH patients, but not in PE patients.
Together, these findings indicate that NAMPT polymorphisms and
haplotypes have important effects on plasma visfatin/NAMPT levels,
but these effects may vary under different physiological and/or disease
conditions. Although no functional study was carried out to show how
the A4G (rs3801266) polymorphism affects visfatin/NAMPT expres-
sion, other factors may also affect visfatin/NAMPT expression
independent of their genotypes. However, our results suggest that
the rs3801266 polymorphism is relevant and affects visfatin/NAMPT
levels in GH patients.
To our knowledge, no previous study has examined whether

NAMPT polymorphisms or haplotypes are associated with hyperten-
sive disorders of pregnancy. We showed for the first time that the TC
and CC genotypes and the C allele for the T4C (rs1319501)
polymorphism, as well as the ‘C, A’ haplotype may protect against
PE. Consistent with this finding, the ‘C, A’ haplotype tended to be
more frequent in the lower group when compared the upper and
lower groups of plasma visfatin/NAMPT levels for both GH (Table 4)
and PE (Supplementary Table 3) patients. Together, our findings
suggest that the ‘C, A’ haplotype has a protective effect against PE
because it may be associated with lower plasma visfatin/NAMPT
levels. PE shares metabolic risk factors with CVD, including obesity,6,7

and visfatin/NAMPT levels are enhanced under those pathological
conditions.15,25 Moreover, visfatin/NAMPT was proposed as a bio-
marker of endothelial dysfunction,14 a potential mechanism under-
lying the increased cardiovascular risk in women with history of PE.4,5

However, here we have not studied the relationship between
visfatin/NAMPT levels or other relevant factors such as oxidative
stress33,34 with endothelial dysfunction in PE, and this hypothesis
remains to be proved.
In contrast with the A4G (rs3801266) polymorphism, the T4C

(rs1319501) polymorphism in the promoter region of the NAMPT
gene had no effects on plasma visfatin/NAMPT levels in the present
study. However, it is likely to affect transcription factor binding
according to its Score 2c at RegulomeDB,35 and to the Encyclopedia of
DNA Elements (ENCODE) data related to gene regulation around its
location in the promoter region of the NAMPT gene (Supplementary
Figure 1). Indeed, the 5′-upstream NAMPT region has several
regulatory elements,36 and a recent in silico analysis of the 5´ NAMPT
promoter region revealed putative cis regulatory elements, including
the binding sites for the transcription factors NF-κβ, SP1 and STAT.37

Interestingly, the location of the T4C (rs1319501) polymorphism
overlaps not only with these but also with a large number of
Transcription Factor ChIP-seq data from ENCODE (Supplementary
Figure 2). Together, these findings suggest that the rs1319501
polymorphism may affect NAMPT gene expression.
The T4C polymorphism (rs1319501) could also be in LD with

another functional polymorphism in the promoter region of the
NAMPT gene. Indeed, an extensive LD structure was reported at the
NAMPT locus,38 and the promoter polymorphisms rs1319501 and
rs9770242 were in complete LD in different populations.39,40 In
addition, the LD value between the studied polymorphisms
rs1319501 and rs3801266 was D′= 0.581 for the population of
European ancestry (CEU) of the 1000 Genomes Project
(Supplementary Figure 1). However, we did not examine other
NAMPT polymorphisms, especially in the promoter region, which
may affect visfatin/NAMPT levels. Importantly, our findings must be
replicated in further studies. These findings are relevant because the
associated genetic markers may allow early detection of patients at
increased risk of hypertensive disorders of pregnancy, which increase
morbidity and mortality.41

The present study has other limitations. First, we studied a relatively
small number of patients and plasma visfatin/NAMPT levels were
determined in a smaller number of patients. Despite this limitation,
we found significant associations for NAMPT polymorphisms and
haplotypes, and it is important to consider that the ‘T, G’ and ‘C, A’
haplotypes are common haplotypes (415% frequency), thus increas-
ing their importance. Second, we have not measured placental or
tissue levels of visfatin/NAMPT, and therefore we do not know how
marked the effects are at the tissue level.
In conclusion, we found that GH patients carrying the AG and GG

genotypes for the NAMPT A4G (rs3801266) polymorphism and the
‘T, G’ haplotype showed higher plasma visfatin/NAMPT levels, and
that the TC and CC genotypes and the C allele for the NAMPT T4C
(rs1319501) polymorphism, as well as the ‘C, A’ haplotype may

Table 4 NAMPT haplotypes frequency distribution in the lower and in the upper groups of visfatin/NAMPT levels for the patients with

gestational hypertension

Haplotype Hap-score Lower (RF; n=105) Upper (RF; n=105) P values OR (95% CI)

T, A −0.2666 0.4615 0.4434 0.7897 1.0000 (Reference)

T, G 2.1672 0.2596 0.3867 0.0302a 1.8148 (0.9007–3.6566)

C, A −1.9090 0.2788 0.1698 0.0562 0.6152 (0.2991–1.2653)

Abbreviations: CI, confidence interval; NA, not available; NAMPT, nicotinamide phosphorybosil transferase; OR, odds ratio; RF, relative frequencies.
Global Score Statistics: global-stat=6.39231, df=2, P=0.04092a.
aStatistically significant: Po0.05 vs. Lower group.
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protect against PE. We present, for the first time, evidence that
NAMPT genotypes and haplotypes affect circulating visfatin/NAMPT
levels in GH, and affect the susceptibility to PE. Our findings suggest
that NAMPT polymorphisms may be useful to identify a group of
women at increased risk of hypertensive disorders of pregnancy.
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