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Abstract
Objectives: We hypothesized that TNFα would be higher in obese versus lean preeclamptic
subjects.

Methods: Total plasma TNFα was measured in a nested case-control study of 123 nulliparous lean
and obese control and preeclamptic subjects.

Results: Adjusted mean TNFα concentrations were 0.97±0.11 (pg/ml ± SEM) in lean controls, 1.01
±0.10 in obese controls, 1.43±0.11 in lean preeclamptics and 1.16±0.11 in obese preeclamptics.
Pregnancy outcome was the single predictor of TNFα concentration in the general linear regression
model (p=0.04).

Conclusion: TNFα concentration was higher in preeclamptic compared to control subjects. Obesity
was not associated with higher TNFα concentrations in preeclamptic or control subjects.
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Introduction
Preeclampsia, a leading cause of maternal and fetal morbidity and mortality,1 is a
multisystemic disorder diagnosed by the new onset of hypertension and proteinuria after 20
weeks gestation.2 The pathophysiology of preeclampsia is incompletely understood, but
inflammatory processes have been proposed to mediate maternal endothelial activation and
dysfunction. The resulting vasospasm, activation of the coagulation cascade and increased
microvascular permeability in this syndrome lead to end organ ischemia.3-5

The proinflammatory cytokine, tumor necrosis factor alpha (TNFα), produces endothelial
dysfunction.3 Through innate and acquired immune processes, TNFα modulates growth,
differentiation and metabolism of many cell types, affects lipid metabolism, coagulation,
insulin resistance and inflammation.6, 7 Most studies of TNFα in preeclampsia report higher
circulating concentrations in affected pregnancies compared with uncomplicated control
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pregnancies,3, 7 however TNFα was not greater in placental tissues from preeclamptic
pregnancies compared to placentas from uncomplicated pregnancies.8, 9 Taken together, these
findings may indicate that as in the metabolic syndrome,10-12 TNFα is produced in excess by
adipocytes in preeclamptic women. Mounting evidence associates metabolic syndrome and
preeclampsia.13, 14

Obesity is a significant risk factor for preeclampsia.4 Inflammation is a potential pathway
through which obesity increases the risk of preeclampsia.15, 16 For example, C-reactive
protein as a measure of inflammation accounted for over forty percent of the increased risk of
preeclampsia by body mass index (BMI).15 TNFα was higher in nonpregnant obese subjects
compared to normal weight individuals.17-19 Some studies of TNFα in preeclampsia have
adjusted for BMI,20, 21 but little is known about the relationship between obesity and TNFα
in preeclampsia. Taken together, previous studies suggest that elevated TNFα might explain
the higher incidence of preeclampsia in obese women. We hypothesized that TNFα would be
higher in 1) lean preeclamptic compared to lean control subjects, 2) obese preeclamptic
compared to obese control subjects and 3) obese preeclamptic compared to lean preeclamptic
subjects.

Materials and Methods
Study subjects and samples

This was a nested case-control study from an ongoing investigation of preeclampsia at the
University of Pittsburgh, Magee-Womens Hospital (MWH) and Magee-Womens Research
Institute. The study was approved by the institutional review board and informed consent was
obtained from all subjects. Women 14–44 years of age with a singleton pregnancy and planning
to deliver at MWH were recruited before 16 weeks gestation. Prepregnancy weight and height,
blood pressures and urinary protein measurements throughout gestation, use of hypertensive
medications, antepartum and delivery events, and neonatal outcomes were abstracted from
medical records. Women with multiple fetuses, chronic hypertension, renal disease, diabetes,
other preexisting medical conditions, or history of illicit drug use were excluded. All women
were without clinical evidence of infection.

Plasma samples available from admission for delivery were selected for preeclamptic cases
and nonpreeclamptic controls and for lean and obese prepregnancy BMI. Preeclampsia was
diagnosed by the presence of gestational hypertension, proteinuria, and hyperuricemia
beginning after the 20th week of pregnancy with resolution of blood pressure and proteinuria
postpartum. Gestational hypertension was defined as an absolute blood pressure ≥ 140 mmHg
systolic and/or ≥ 90 mmHg diastolic after 20 weeks of gestation. Proteinuria was defined as ≥
300 mg per 24-hour urine collection, ≥ 2+ protein on voided urine sample, ≥ 1+ protein on
catheterized urine specimen, or a protein-creatinine ratio of ≥ 0.3. 2 Hyperuricemia was defined
as plasma uric acid concentration ≥ 1 SD above reference values at the gestational age the
sample was obtained (e.g. term, > 5.5 mg/dL). Prepregnancy BMI was based on measured
height and maternal self report of prepregnancy weight at the initial visit. Prepregnancy BMI
was categorized as lean (19-24.9 kg/m2) or obese (≥ 30 kg/m2); overweight BMI (25.0–29.9
kg/m2) was excluded. Power analysis for a two-way analysis of variance with 80 percent power
to detect a moderate effect size (0.75) at 0.05 alpha would require 40 subjects in each group
and to detect a large effect size (1.00) would require 24 subjects per group (SAS Institute Inc.;
Cary, NC). Four groups were studied: samples from 31 lean control women, 31 obese control
women, 31 lean preeclamptic women, and 30 obese preeclamptic women met inclusion criteria
for diagnosis and weight status. Gestational age was determined by the best obstetrical estimate
at delivery.
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Quantitation of plasma TNFα
Blood samples were collected in EDTA at the time of admission for delivery. Plasma was
stored at −80C degrees until assayed. Investigators conducting the assay were blinded to cases,
controls and BMI categories. TNFα concentrations were determined in duplicate by enzyme-
linked immunoabsorbent assay using a commercially available reagent kit (Quantikine HS
High Sensitivity Human TNFα, R&D Systems, Minneapolis, MN). The coefficient of variation
averaged 6.6% intra-assay and 13.4% inter-assay. Sensitivity was 0.12 pg/ml.

Statistical analyses
Descriptive analysis was initially performed to characterize the study population. Summary
statistics, including means and standard deviations for all continuous variables were calculated.
Frequency distributions were determined for categorical variables. Demographic and clinical
characteristics of case and control groups were compared using univariate analysis of variance
(ANOVA) and chi square tests. The General Linear Model (GLM) was used to evaluate the
association between TNFα concentration and weight status (lean vs. obese) and diagnostic
status (control vs. preeclampsia) controlling for race, smoking status, labor at sampling, entry
age and gestational age. The possible interaction between covariates was also examined and
Bonferroni adjustment was used for multiple comparisons. Verification of model assumptions
and fit was carried out via examination of residual plots. Means plus/minus standard error of
the mean (± SEM) adjusted for other covariates are reported for weight status and/or
preeclampsia status. All analyses were performed as two-tailed tests using SAS Version 8 (SAS
Institute, Inc., Cary, NC, USA). The level of significance was set a priori at p < 0.05.

Results
By design in this nested case-control study, preeclamptic and control groups differed
significantly in meeting diagnostic criteria, e.g. uric acid concentrations and systolic and
diastolic blood pressures at delivery (p < 0.05; Table 1). Systolic and diastolic blood pressures
were greater before 20 weeks gestation in the preeclamptic compared to control groups and in
the obese compared to the lean groups. Obese preeclamptic and control groups differed from
lean preeclamptic and control groups in weight status as designed by BMI criteria. Thirty Black
women and three Asian women were grouped as “Non-white” and there was no difference
among the four study groups by racial composition (p = 0.28). The four study groups differed
in smoking status and labor at sampling.

Distributions of TNFα concentrations are shown in Figure 1. Although the study groups
differed in composition by smoking status and labor at sampling, in univariate analyses,
TNFα concentration was not significantly different by smoking status (p = 0.11) or labor (p =
0.15) among study groups. The GLM was significant for association of plasma TNFα
concentration with diagnostic status but not weight status, controlling for race, smoking status,
labor at sampling, entry age and gestational age (overall p = 0.04). All the covariates including
race, smoking status, labor at sampling, entry age and gestational age were not significantly
related to plasma TNFα concentration (p > 0.20). There was marginal interaction between
weight status and diagnostic status on TNFα concentration (p = 0.10). GLM showed no
difference in TNFα concentrations between lean and obese subjects (adjusted mean ± SEM:
1.21 ± 0.11 vs. 1.11 ± 0.12; p = 0.27; Figure 2). The preeclamptic subjects had higher TNFα
concentrations than control subjects (adjusted mean ± SEM: 1.32 ± 0.13 vs. 1.00 ± 0.12; p =
0.01; Figure 3). Adjusted mean TNFα concentrations were 0.97 ± 0.11 pg/ml in the lean
controls, 1.01 ± 0.10 pg/ml in the obese controls, 1.43 ± 0.11 pg/ml in the lean preeclamptics,
and 1.16 ± 0.11 pg/ml in the obese preeclamptics. Adjusted mean TNFα concentrations were
higher in the lean preeclamptic compared to the lean control subjects (p = 0.03) and not higher
in the obese preeclamptics compared to obese control subjects (p = 1.00). No difference in
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TNFα was found between obese control and lean control (p = 1.00) or between obese
preeclamptic and lean preeclamptic subjects (p = 0.27).

Comment
In this study we observed that TNFα was higher in women with preeclampsia compared to
women with uncomplicated pregnancies. The lean preeclamptic group had higher TNFα
concentrations compared to the lean control subjects. Our hypothesis that TNFα would be
elevated by obesity in preeclampsia was not supported. Diagnosis of preeclampsia was the
single predictor of elevated TNFα in the four study groups. Obesity was not associated with
higher TNFα in preeclamptic subjects.

Higher circulating TNFα concentrations in this sample of preeclamptic subjects are consistent
with concentrations found by others.3, 9, 20, 22 In previous studies, BMI was adjusted for
statistically, matched, or not considered in studies of TNFα during pregnancy. Our study
analyzed TNFα in preeclampsia and uncomplicated pregnancies specifically by lean and obese
BMI categories.

We expected elevated TNFα in obese preeclamptics based on adipocyte TNFα secretion and
population studies of inflammation markers in obesity.10-12, 17 Reproductive age,
nonpregnant obese women were found to have higher TNFα concentrations compared to
nonpregnant lean subjects of similar age.18, 19, 24 In these studies, TNFα concentrations
correlated directly with waist to hip ratio (WHR) and glucose tolerance test insulin levels, but
not with BMI, and was higher in obese women with a WHR greater than 0.90.24 This was not
the case in our study of pregnant women. Neither control nor preeclamptic obese subjects had
elevated TNFα compared to the appropriate lean subset. It is possible that the simple assessment
of obesity, that is, by prepregnancy BMI without attention to visceral as opposed to
subcutaneous fat may not have been sufficiently sensitive.17

The nonsignificant difference found in plasma TNFα by BMI during pregnancy and
preeclampsia in our study may be a result of the generalized inflammatory response in
pregnancy, characterized by innate immune system (Type 1) activation and adaptive immune
system (Type 2) suppression.25 Type 1 cytokines, such as TNFα, IFN-γ, and IL-2 that are
augmented in preeclampsia may overcome any additional effect of obesity. Relative
proportions rather than the absolute levels of cytokines may lead to the greater effect of
preeclampsia than obesity on TNFα concentrations.25-27 Alternatively, our findings may
corroborate others' suggestion that adipose cytokines act locally without elevating plasma
concentrations.10, 12

The assay used in this experiment measured total TNFα (Quantikine HS), including free and
receptor-bound protein. It may be that soluble TNF receptors are more reliable markers for
TNFα activity.28 Theoretically TNFα level may be lowered, but its bioactive effect
paradoxically increases when the cytokine is sequestered by its receptor and stabilized at the
cell membrane. Nonetheless, when measured on the same samples there is a strong correlation
between immunoreactive TNFalha and circulating receptor concentration (29)

Our findings are limited by the cross sectional design. The nested case-control study showed
association or lack of association among weight status as BMI, diagnostic status and TNFα,
but could not demonstrate cause and effect. A longitudinal study with serial sampling of lean
and obese women at risk of developing preeclampsia could provide more conclusive data on
causality.
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Conclusion
In summary, TNFα was not higher by obesity in preeclamptic or uncomplicated pregnancies.
Based on these findings, it is unlikely that the mechanism of obesity's association with
preeclampsia is related to a simple effect of fat mass increasing TNFα concentrations.
Investigations of proinflammatory cytokines such as TNFα in preeclampsia should account for
interactions of fat distribution and normal pregnancy immune adaptations with inflammation.
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Figure 1.
Box plot chart of TNFα distributions by study group. Box plots of TNFα concentrations show
top, bottom, and line through the interior of the box corresponding to the 75th percentile,
25th percentile, and mean, respectively; and the black dot represents the median. The whiskers
(t bars) on bottom denote the 10th percentile, and on the top, denote the 90th percentile. Open
dots above and below plots represent minimum and maximum data points.
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Figure 2.
Adjusted means of TNFα concentration by diagnostic status. * TNFα concentrations
significantly differed by diagnosis between the two groups of 62 uncomplicated control and
61 preeclamptic subjects (GLM; p = 0.02).

Sandra A. et al. Page 8

Hypertens Pregnancy. Author manuscript; available in PMC 2009 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Sandra A. et al. Page 9
Ta

bl
e 

1
D

em
og

ra
ph

ic
 a

nd
 c

lin
ic

al
 c

ha
ra

ct
er

is
tic

s

V
ar

ia
bl

e
L

ea
n

C
on

tr
ol

N
=3

1

O
be

se
C

on
tr

ol
N

=3
1

L
ea

n
Pr

ee
cl

am
pt

ic
N

=3
1

O
be

se
Pr

ee
cl

am
pt

ic
N

=3
0

p-
va

lu
e

M
at

er
na

l a
ge

(y
ea

rs
)

22
.2

 ±
 5

.4
a

23
.2

 ±
 6

.3
a

24
.7

 ±
 5

.9
a

28
.1

 ±
 6

.7
b

0.
00

15

G
es

ta
tio

na
l a

ge
at

 d
el

iv
er

y
(w

ee
ks

)

39
.9

 ±
 1

.1
a

39
.7

 ±
 2

.4
a

34
.8

 ±
 3

.5
b

35
.1

 ±
 4

.2
b

< 
0.

00
01

R
ac

e 
(N

/%
)

0.
28

*

  
  
 N

on
-w

hi
te

6 
(1

9)
12

 (3
9)

9 
(2

9)
6 

(2
0)

  
  
 W

hi
te

25
 (8

1)
19

 (6
1)

22
 (7

1)
24

 (8
0)

Sm
ok

in
g 

(N
 %

)
0.

00
5*

  
  
 Y

es
18

 (5
8.

1)
15

 (4
8.

4)
6 

(1
9.

9)
8 

(2
9.

0)

  
  
 N

o
13

 (4
1.

9)
16

 (5
1.

6)
25

 (8
0.

1)
22

 (7
1.

0)

La
bo

r a
t

sa
m

pl
in

g 
(N

 %
)

< 
0.

00
1*

  
  
 Y

es
22

 (7
1.

0)
10

 (3
2.

3)
19

 (6
1.

3)
4 

(1
3.

3)

  
  
 N

o
9 

(2
9.

0)
21

 (6
7.

7)
12

 (3
8.

7)
26

 (8
6.

7)

Pr
e-

pr
eg

na
nc

y
B

M
I (

kg
/m

2 )
21

.5
 ±

 1
.6

a
36

.5
 ±

 5
.7

b
21

.7
 ±

 1
.4

a
35

.9
 ±

 4
.8

b
< 

0.
00

01

B
lo

od
 p

re
ss

ur
e

< 
20

 w
ee

ks
(m

m
H

g)

< 
0.

00
01

10
7.

8 
± 

7.
0a

11
7.

7 
± 

7.
2b

11
3.

7 
± 

9.
4b

12
4.

0 
± 

9.
9c

65
.9

 ±
 4

.2
a

71
.6

 ±
 5

.8
b

68
.4

 ±
 6

.8
a

77
.3

 ±
 6

.1
c

B
lo

od
 p

re
ss

ur
e

in
 la

bo
r (

m
m

H
g)

11
6.

1 
± 

9.
0a

12
3.

5 
± 

6.
9a

15
5.

3 
± 

11
.6

b
16

1.
6 

± 
14

.3
b

< 
0.

00
01

69
.4

 ±
 7

.2
a

75
.7

 ±
 5

.5
b

93
.3

 ±
 9

.0
c

90
.9

 ±
 1

0.
0c

U
ric

 a
ci

d 
(m

g/
dl

)
4.

3 
± 

0.
77

a
4.

6 
± 

0.
74

a
6.

2 
± 

0.
79

b
6.

7 
± 

1.
4c

< 
0.

00
01

B
irt

h 
w

ei
gh

t
(g

ra
m

s)
33

91
.2

 ±
 3

14
.3

a
35

37
.0

 ±
 6

91
.7

a
21

02
.2

 ±
 8

24
.3

b
22

56
.5

 ±
 9

19
.7

b
< 

0.
00

01

B
irt

h 
w

ei
gh

t
ce

nt
ile

 (%
)

49
.2

 ±
 2

2.
9a

64
.7

 ±
 2

2.
9b

25
.3

 ±
 2

1.
6c

33
.3

 ±
 2

8.
0c

< 
0.

00
01

D
at

a 
ar

e 
m

ea
n 

± 
SD

; A
N

O
V

A

V
ar

ia
bl

es
 w

ith
in

 ro
w

s t
ha

t d
o 

no
t s

ha
re

 th
e 

sa
m

e 
le

tte
r a

re
 st

at
is

tic
al

ly
 d

iff
er

en
t, 

p 
< 

0.
05

.

* C
hi

 sq
ua

re
 a

na
ly

si
s

Hypertens Pregnancy. Author manuscript; available in PMC 2009 May 1.


