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Summary

Objective: To evaluate the validity of Bioelectrical Impedance Analysis (BIA) in the assessment of edema in pregnancy.

Methods: A prospective study of healthy women identified during the first trimester of pregnancy. From a pool of 200 eligible
volunteers, BIA was conducted on 90 women during the rest of pregnancy and postpartum period.

Results: The values for bioelectrial impedance in normal pregnant women decreased gradually in the course of pregnancy, whereas
a more remarkable decrease in the values was noted in eight patients who developed edema. The bioelectrical impedance (BI)
changes correlated closely with body weight changes. There was a strong relation between bioelectrical impedance values and the
degree of edema. The precedent decrease of the values before the onset of edema was noted in seven of the eight patients with

edema.

Conclusion: BIA can be a useful and practical method for the early detection and quantitative assessment of edema in pregnant

women.
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Introduction

Not only does body fat generally increase during pre-
gnancy, but the amount of total body water also increases
with advancing gestation. The fetus, placenta, possibly
the amniotic fluid, and maternal blood volume all contri-
bute to the increase in total body water, which represents
the largest portion of the body weight gain during pre-
gnancy [1, 2]. Although abnormally increased water
retention is usually diagnosed by both edema of the legs
and the weight gain, these methods are not quantitative or
reproducible.

The purpose of the present study was to quantify the
degree of edema using bioelectrical impedance analysis
(BIA), which is a widely used method for estimating
body composition [3-6], in a series of healthy women and
women who developed edema during pregnancy and in
the postpartum period. Based on these analyses, it is sug-
gested that the serial measurement of bioelectrical impe-
dance (BI) values can be a reliable method of assessing
the degree of edema and it enables earlier detection of
edema in pregnancy.

Materials and Methods

Two hundred women, 112 primigravidas and 88 multigravi-
das, aged 18-36 years (24.1£5.1), body mass index (18-24),
were recruited in a consecutive manner between April 1996 and
October 1996 during the first trimester of pregnancy (9.9+1.1
weeks) from the antenatal clinic at Kobe University Hospital.
Women were eligible for the study if they were free of medical
illnesses requiring regular medication and not a regular user of
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drugs. After being fully informed about the objectives of the
study and procedures involved, each woman gave written infor-
med consent. All women had singleton pregnancies and were
studied principally every four weeks in the first trimester, every
two weeks in the second trimester, every week in the third tri-
mester, at two days after the delivery and finally at four weeks
postpartum. Clinical diagnosis of edema was made if the finger
pad left an indentation in the tissue when the examiner pressed
on the patient’s pretibial area for 15 seconds. The degree of
edema was assessed as follows: minimal edema of lower extre-
mities; +, marked edema of lower extremities; ++, edema of
lower extremities, face and hands; +++.

Determination of BI was made at each antenatal visit with a
tetrapolar impedance plethysmograph (TBF-105, Tanita Corp.,
Tokyo, Japan). The excitation current introduced into the
subjects was 800 u A, AC at 50 kHz. This analyzer enables
simultaneous measurements of body weight and impedance in
a subject standing on the stainless steel electrodes. To standar-
dize the environmental conditions, all the patients were undres-
sed, and body wieght and BI were measured with bare feet
around 10 a.m. after an overnight fast at each visit, as described
elsewhere [7, 8].

Data are expressed as mean+S.D. An analysis of variance for
repeated measures was performed to evaluate the changes in
body weight and bioelectrical impedance during the study.
Scheffe’s test was used to analyze the differences between
means. Pearson product moment correlations were calculated
between impedance changes and body weight changes. A stati-
stically significant difference was considered to be p<0.05.

Results

In all, 200 eligible women were recruited for the study.
Of these, 110 were excluded for failure to complete the
evaluation by not coming to our scheduled visits, deve-
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loping medical conditions, or moving from the area.
Eighty-two of 90 women enrolled, 45 primigravidas and
37 multigravidas, aged 20-35 years (25.8+4.1), had
normal full-term pregnancies and delivered healthy
infants without complications during pregnancy and post-
partum. The remaining eight women developed clinical
edema during the third trimester of pregnancy. A
summary of the clinical edema cases is provided in Table
1. All cases developed edema in the third trimester. Cases
4 and 7 had cesarean section due to fetal distress. Case 6
underwent induction of delivery due to the premature
rupture of the membranes. All the women who developed
edema were treated only with diet and rest.
Longitudinal changes of BI during pregnancy in
normal pregnant women without edema are shown in
Table 2. The values for BI in normal pregnant women
decreased gradually but significantly (p<0.05) toward
late pregnancy compared to those in early pregnancy. The
BI values measured at four weeks postpartum restored to
the levels of early pregnancy. There were no significant
differences between the BI values measured in late pre-
gnancy and those measured two days after the delivery.
Figure | represents the relationship between body
weight changes and BI changes of the 90 pregnant
women enrolled in the third trimester, where we measu-
red BI values every week. The changes in BI correlated
closely with those in body weight (r= —0.721, p<0.001).
Figure 2 shows serial determination of the BI values
throughout pregnancy in the eight women who developed
edema in the third trimester. The BI values in the eight
women during the third trimester were apparently lower

relative to those in pregnant women without edema.
Moreover, a substantial decrease in the BI values was
noted to procede the development of clinical edema
except case 8, in which edema and the decrease of the BI
values occurred simultaneously.

The comparison of the mean values of BI in the course
of pregnancy in pregnant women without and with edema
is represented in Figure 3. The mean values of Bl in the
eight women with edema were significantly lower in the
third trimester versus the values of the women without
edema at the same gestational week (p<0.001).

Figure 4 shows the relationship between the degree of
edema and BI values in the 90 women during the third
trimester. As edema worsened, Bl values decreased signi-
ficantly.

Discussion

BIA is a widely used method for estimating body com-
position that is relatively simple, quick and nonivasive.
This method relies on the conduction of a single-fre-
quency, constant electrical current to determine total con-
ductor volume of the body [9]. Because water and elec-
trolytes are both dominant factors affecting electrical
conduction in the body, total body water is easily asses-
sed by BIA [10]. It has been shown that human pre-
gnancy is associated with an increase in blood volume
and a disproportionate increase in plasma volume relative
to red cell mass [11].

The suddenness of excessive weight gain is characteri-
stic of edema rather than physiological weight gain throu-

Table 1. — Clinical characteristics of pregnant women with edema

Case No. Age (yrs) Gravidity and Parity Edema Blood Pressure (mmHg) Proteinuria (mg/dl) Outcome

1 30 G3P1 ++ 125~145/65~80 65 VD at 38w
2 29 G2P0 + 110~120/60~70 - VD at 38w
3 37 G5P3 + 125~150/70~95 200 VD at 39w
4 34 G3P2 +++ 130~190/70~110 65 CS at 35w
5 35 G3P2 + 100~110/55~70 65 VD at 38w
6 26 G2P0 ++ 120~150/70~95 200 VD at 36w
7 32 G2P1 +++ 125~145/60~70 65 CS at 35w
8 36 GI1PO + 105~120/60~75 - VD at 39w
CS: cesarean section; VD: vaginal delivery.

Table 2. — Longitudinal changes of Bl during pregnancy in normal pregnant women

Month 3 4 5 6 7 8 9 10 Postpartum
Gestational week

mean 9.9 13.2 17.3 213 25.5 29.5 333 37.3

+ + + + + + + + + 2 days 4 weeks
S.D. 1.1 1.3 1.2 1.2 1.1 1.1 1.2 1.2

Impedance (ohm)

mean 588.5 560.1 546.0 542.1 544.9 532.2% 527.0% 496.7* 5024 566.1

* + + * * + + + * + *
S.D. 83.8 68.3 65.4 77.6 56.8 68.4 59.5 64.9 62.1 55.4

Data are represented as mean + S.D.
* p<0.05 vs BI value at 3 months
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Figure 1. — Relationship between body weight changes and BI
changes in the third trimester in 90 pregnant women.
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Figure 2. — Serial determination of the BI values throughout
pregnancy in eight women who developed clinical edema in the
third trimester of pregnancy. Dotted lines and open plots repre-
sent BI values before the onset of edema. Solid lines and closed
plots represent BI values after the onset of edema. Shaded area
represents the mean Bl values + S.D. of normal pregnant women
without edema.

ghout gestation. Such a weight gain is due almost entirely
to abnormal fluid retention and is usually demonstrable
before visible signs of nondependent edema. Because
plasma volume expansion directly influences extracellu-
lar water, and thus total body water, it is reasonable to
suggest that the degree of edema can be quantified with
the changes of the bioelectrical impedance to constant
electrical current.

The BI values in normal pregnant women decreased
gradually throughout pregnancy in the present study, sug-
gesting a physiological increase in total body water. This
is in accordance with the report of Lukaski et al. [4], who
demonstrated that a significant increase in total body
water during pregnancy in humans may be accurately
assessed with tetrapolar BIA. Theoretically, whole-body

BI should be the sum of the BI of the upper limbs, trunk
and lower limbs as they are connected in series. Since the
BI is inversely proportional to the cross-sectional area,
the extremities (which have the smallest cross-sectional
area) will have the most influence on BI measurements.
The fluid accumulated in the peritoneal cavity contribu-
tes little to the whole body BI because it is in one portion
of the trunk (a good conductor) and located at the central
portion of the abdomen (little current flow) [12].

We found no significant differences between the Bl
values before the delivery and those after the delivery. It
is therefore suggested that, in the BIA employing bipedal
electrodes, the changes of BI values directly reflect those
of maternal water volume, especially changes in the
water volume of the lower limbs.

In the present study, a negative correlation between the
changes of BI values and body weight changes during the
third trimester was noted, suggesting that water retention
is related to weight gain in this trimester. We examined
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Figure 3. — Comparison of the mean values of Bl in pregnant
women without and with edema in the course of pregnancy.
*p<0.001 versus the values of women without edema at the sa-
me gestational week.
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Figure 4. — Relationship between the degree of edema and BI
values in the third trimester in 90 pregnant women.
*p<0.001, #*p<0.01, ***p<0.05.
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the validity of the serial measurements of BI values in
assessing the degree of edema in pregnancy. In women
who developed edema in the third trimester, substantial
decreases in BI values were noted relative to those in
normal pregnant women without edema and the values
markedly decreased as edema declined. Moreover, in
these women with edema the decrease in the BI values
preceded the onset of edema except one case in which
edema and the decrease of the BI values occurred simul-
taneously. These results suggest that the serial measure-
ment of BI values is a more reliable method of assessing
the degree of edema than diagnosis by pressing on the
patient’s pretibial area, and enables earlier detection of
abnormal water retention which leads to edema in the
third trimester. In addition, a close relationship between
the BI values and degree of edema was observed in the
third trimester. These findings indicate that BI values can
be considered as a valuable index to quantify the changes
of body water retention and the degree of edema.

The speed and simplicity of this noninvasive technique,
which does not require active participation by the patient,
and the information gained is the asset of BIA. Although
etiology of edema in pregnancy involves consideration of
many factors, the potential of BIA in the assessment and
prediction of edema seems ensured.
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