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ABSTRACT

BACKGROUND
In the United States, obesity during pregnancy is common and increases obstetrical
risks. An estimate of the increase in use of health care services associated with obe-
sity during pregnancy is needed.

METHODS
We used electronic data systems of a large U.S. group-practice health maintenance
organization to identify 13,442 pregnancies among women 18 years of age or older
at the time of conception that resulted in live births or stillbirths. The study period
was between January 1, 2000, and December 31, 2004. We assessed associations
between measures of use of health care services and body-mass index (BMI, de-
fined as the weight in kilograms divided by the square of the height in meters) before
pregnancy or in early pregnancy. The women were categorized as underweight (BMI
<18.5), normal (BMI 18.5 to 24.9), overweight (BMI 25.0 to 29.9), obese (BMI 30.0
to 34.9), very obese (BMI 35.0 to 39.9), or extremely obese (BMI 240.0). The pri-
mary outcome was the mean length of hospital stay for delivery.

RESULTS

After adjustment for age, race or ethnic group, level of education, and parity, the
mean (£SE) length of hospital stay for delivery was significantly (P<0.05) greater
among women who were overweight (3.7+0.1 days), obese (4.0£0.1 days), very obese
(4.1£0.1 days), and extremely obese (4.4+0.1 days) than among women with normal
BMI (3.6%0.1 days). A higher-than-normal BMI was associated with significantly
more prenatal fetal tests, obstetrical ultrasonographic examinations, medications dis-
pensed from the outpatient pharmacy, telephone calls to the department of obstet-
rics and gynecology, and prenatal visits with physicians. A higher-than-normal BMI
was also associated with significantly fewer prenatal visits with nurse practitioners
and physician assistants. Most of the increase in length of stay associated with higher
BMI was related to increased rates of cesarean delivery and obesity-related high-risk
conditions.

CONCLUSIONS
Obesity during pregnancy is associated with increased use of health care services.
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OBESITY DURING PREGNANCY AND THE ASSOCIATION WITH INCREASED USE OF HEALTH CARE

BESE WOMEN ARE AT INCREASED RISK
for complications of pregnancy, particu-
" larly hypertensive disorders, preexisting
and gestational diabetes mellitus, and cesarean
delivery.’> Given the rapid increase in the preva-
lence of obesity in the United States,® obesity dur-
ing pregnancy is now a common high-risk obstet-
rical condition affecting about one in five women
who give birth.” Although it is recognized that the
use of health care services is increased for obese
women who are pregnant, published estimates of
the magnitude of the increase are limited in num-
ber and scope.®1° The objective of this study was
to estimate the increase in use of maternal health
care services associated with obesity during preg-
nancy.

METHODS

SOURCES OF DATA
We analyzed electronic data from Kaiser Perma-
nente Northwest, a large, nonprofit, prepaid, group-
practice health maintenance organization (HMO)
with approximately 486,000 members in western
Oregon and western Washington State. The mem-
bers include persons covered by commercial and
individual health plans, the Washington State Ba-
sic Health Program (state-sponsored coverage for
the uninsured), Medicare, and Medicaid. Individ-
ual-level information was obtained from several
data systems, including records of ambulatory en-
counters (office visits with a health care provider),
enrollment records, emergency department visits,
records of hospital discharges, outside claims and
referrals, radiologic and other diagnostic imaging
procedures, laboratory results, and pharmacy re-
cords. Oregon and Washington State birth certifi-
cates and Kaiser Permanente Northwest data were
matched with the use of a probabilistic algorithm
based on the mother’s name, birth date, and ad-
dress and the delivery date. From the birth certifi-
cates, we obtained data on race or ethnic group,
parity, marital status, and years of education. The
study was approved by institutional review boards
at the Centers for Disease Control and Prevention
and Kaiser Permanente Northwest. Because the
data in this study were collected by reviewing ex-
isting electronic medical records and no direct con-
tact with study participants was involved, the in-
stitutional review boards did not require written
informed consent from the participants.

To identify pregnancies, we used a complex

validated algorithm that accessed multiple Kaiser
Permanente Northwest automated data systems
and searched for indicators of pregnancy; this
method has been used and described previously.**
The algorithm identified pregnancy episodes,
which were defined as beginning at 2 weeks be-
fore conception (the last menstrual period before
conception) and ending 8 weeks after delivery.
Each pregnancy episode was considered a separate
unit of analysis. We selected pregnancy episodes
that began on or after January 1, 2000, and ended
on or before December 31, 2004, and that resulted
in a live birth or a stillbirth (fetal death at 20 weeks
of gestation or later). The mother had to be 18
years of age or older at the time of conception.
We excluded a pregnancy if the mother was not
enrolled in Kaiser Permanente Northwest at the
time of delivery, the delivery did not occur in a
hospital, the electronic database had no record
of the mother’s weight during the period from
6 months before to 3 months after the beginning
of pregnancy (i.e., before substantial pregnancy-
associated weight gain would be expected), or the
electronic database had no record of the mother’s
height after the age of 16 years. The height mea-
surement used for analysis was the median of all
heights recorded after the age of 16 years for an
individual woman. We used the National Heart,
Lung, and Blood Institute definitions to catego-
rize women according to body-mass index (BMI,
defined as the weight in kilograms divided by the
square of the height in meters) as underweight
(BMI <18.5), normal (BMI 18.5 to 24.9), overweight
(BMI 25.0 to 29.9), obese (BMI 30.0 to 34.9), very
obese (BMI 35.0 to 39.9), or extremely obese
(BMI 2>40.0).

We examined information on the use of health
care services during the pregnancy episode. We
used only the diagnosis and procedure codes of the
International Classification of Diseases, Ninth Revision,
Clinical Modification and of Current Procedural Termi-
nology that were specific to the mother; records
and codes specific to the fetus and infant were not
included. We considered a woman to have a high-
risk condition during pregnancy if a diagnosis of
preexisting diabetes mellitus, gestational diabetes
mellitus, or hypertensive disorder was recorded
on the electronic medical record or birth certifi-
cate. Hypertensive disorders included chronic hy-
pertension, gestational hypertension, and pre-
eclampsia or eclampsia.

Length of hospital stay for delivery was our
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OBESITY DURING PREGNANCY AND THE ASSOCIATION WITH INCREASED USE OF HEALTH CARE

Diabetes mellitus — no. (%)

<0.001
<0.001
<0.001
<0.001
<0.001

171 (4.7) 130 (7.0) 88 (9.6) 76 (11.0)
67 (9.7)
219 (31.7)

229 (3.8)

9 (3.5)

Gestationalf

63 (6.9)
214 (23.3)

45 (2.4)
383 (20.7)
518 (28.0)
324 (17.7)

61 (1.7)

485 (13.3)

43 (0.8)
555 (9.1)

Preexisting¥

15 (5.8)
23 (8.9)
50 (19.3)

Hypertensive disorder — no. (%) |

315 (45.5)
154 (22.3)

317 (34.5)
222 (24.3)

662 (18.2)

800 (13.1)

High-risk condition — no. (%)**

536 (14.9)

843 (14.0)

Tobacco use — no. (%)

primary measure of use of health care services; the
total length of stay was defined as the number of
days from admission to discharge, and the post-
partum length of stay as the number of days from
delivery to discharge. Other measures of use of
health care services included prenatal visits (with
a physician, nurse practitioner, or physician as-
sistant), telephone calls to the department of ob-
stetrics and gynecology that addressed clinical
concerns (calls to arrange clinic appointments, for
example, were not included), fetal tests (e.g., non-
stress tests, contraction stress tests, and diagnos-

0.76
<0.001

16 (2.3)
79 (11.4)

—~ N

a S, tic amniocentesis), and obstetrical ultrasonograph-

Z = ic examinations. Use of medication was measured
by the number of medications dispensed from
outpatient pharmacies.

& f STATISTICAL ANALYSIS

S :",’ An uncorrected chi-square test was used to com-

= pare distributions of categorical variables. Means
were calculated for continuous variables, with ad-
justment for age (years as a continuous variable),

oie race or ethnic group (white, black, Hispanic, Asian,

= % or other); educational level (<12 years, 12 years, or

S 9 >12 years), and parity (0, 1 or 2, or 23). The sta-

tistical significance of differences between wom-
en with a normal BMI and those with a higher
BMI was assessed with the use of a generalized
linear models procedure (SAS software, version 8.2)
and with the Tukey—Kramer adjustment for mul-
tiple comparisons. Two-sided P values less than
0.05 were considered to indicate statistical signif-
icance.

To better understand the associations and po-
tential causal pathways between maternal BMI and
length of hospital stay for delivery (our primary
measure of use of health care services), we fur-
ther adjusted for high-risk conditions and mode
of delivery (vaginal or cesarean). Because women
with high-risk conditions have a greater require-
ment for prenatal surveillance, we analyzed the
other measures of use of health care services after
stratification according to the presence of a high-
risk condition. Linear trends were tested with BMI
used as a continuous variable; slopes were esti-
mated by the least-squares method and were con-
sidered significant if the P value was less than
0.05. To assess whether the association between
length of hospital stay and BMI varied according
to mode of delivery or the presence of a high-risk
condition, we ran two separate models using the
interaction terms BMIxmode of delivery and

128 (2.1)
431 (7.1)

5 (1.9)
22 (8.5)

i

*
!

Gestational diabetes mellitus was recorded for women with a diagnosis of codes 250.0 to 250.9 or 648.0 according to the International Classification of Diseases, Ninth Revision, Clinical

Modification (ICD-9-CM), or as indicated on the birth certificate.
Hypertensive disorder (chronic hypertension, gestational hypertension, preeclampsia, or eclampsia) was recorded for women with a diagnosis of ICD-9-CM codes 401 to 405, 642, or

760.0, or as indicated on the birth certificate (for Oregon only).
** High-risk conditions during pregnancy were preexisting diabetes mellitus, gestational diabetes mellitus, and hypertensive disorders, as reported on the electronic medical record or

A pregnancy episode was defined as beginning 2 weeks before conception (the last menstrual period before conception) and ending 8 weeks after delivery. Plus-minus values are

means +SE. Because of rounding, percentages may not total 100.
P values were calculated with the use of the uncorrected chi-square test, except for the P value for birth weight, which was calculated with the use of the F test.

Race or ethnic group was obtained from the birth certificate.
Preexisting diabetes mellitus was recorded for women with a diagnosis of ICD-9-CM code 648.8, or as indicated on the birth certificate.

sant medication dispensed within 30 days after the diagnosis).

the birth certificate.
" Tobacco use at any time during pregnancy was reported in the Kaiser Permanente Northwest database or on the birth certificate.

i3 Alcohol or drug use during pregnancy was reported on the Kaiser Permanente Northwest database or on the birth certificate.
§§ Depression was recorded for women with a diagnosis of ICD-9-CM code 296.2, 296.20 to 296.25, 296.3, 296.30 to 296.82, 300.4 to 309.1, 309.28, 311, or 648.4 (with an antidepres-

Alcohol or drug dependence — no. (%
Depression — no. (%)

!
§
9
u
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BMI x high-risk condition, with BMI as a continu-
ous variable. Similarly, for each procedure and
encounter (e.g., prenatal fetal tests), we tested for
interaction between BMI and the presence of a
high-risk condition.

RESULTS

We identified 19,538 pregnancy episodes that be-
gan on or after January 1, 2000, and ended on or
before December 31, 2004, among mothers 18
years of age and older at the time of conception
and that resulted in a live birth or a stillbirth. We
excluded 6096 of these pregnancies because data
were lacking to calculate the BMI (5486 pregnan-
cies, all with missing height data), the woman was
not enrolled at Kaiser Permanente Northwest at
delivery (427 pregnancies), or the delivery did not
occur in a hospital (183 pregnancies); the analy-
sis was conducted on the remaining 13,442 preg-
nancies. Women whose pregnancies were includ-
ed in the analysis were significantly older, more
likely to be white, more likely to be married, more
likely to be highly educated, and less likely to use
tobacco during pregnancy than those whose preg-
nancies were not included in the analysis (see Ta-
ble 1 of the Supplementary Appendix, available
with the full text of this article at www.nejm.org).
Of the pregnancy episodes included in the
analysis, 1.9% occurred in underweight women,
45.3% in women of normal weight, 27.0% in over-
weight women, 13.8% in obese women, 6.8% in
very obese women, and 5.2% in extremely obese
women. The distributions of various maternal and
infant characteristics according to these six BMI
categories are shown in Table 1. Increasing mater-
nal BMI was associated with increasing maternal
age, parity, and mean birth weight and with lower
maternal education levels. The rate of cesarean
deliveries increased as BMI increased, as did the
rates of gestational diabetes mellitus, preexisting
diabetes mellitus, and hypertensive disorders.
The total length of hospital stay increased sig-
nificantly with increasing BMI category. The length
of stay was at least 4 days in 40.3% of pregnancies
of women of normal weight and 60.4% of preg-
nancies of extremely obese women (Table 2). The
mean total length of stay and the mean postpar-
tum length of stay were significantly higher for
pregnancies of overweight and obese women than
for pregnancies of women of normal weight, and
the results of tests for trend were significant for

both of these measures (P<0.001). In analyses of
total length of stay, there were significant in-
teractions between BMI and mode of delivery
(P<0.001) and between BMI and the presence or
absence of a high-risk condition (P<0.001). For
pregnancies resulting in vaginal delivery, the total
length of stay was greater when the maternal BMI
was 30.0 or more (i.e., the obese, very obese, and
extremely obese categories) than when the wom-
an was of normal weight, whereas no significant
association was found between BMI and total
length of stay for pregnancies resulting in cesar-
ean delivery. Similarly, for pregnancies without a
high-risk condition, the total length of stay was
significantly higher among obese, very obese, and
extremely obese women than among women of
normal weight, whereas for pregnancies with a
high-risk condition, the total length of stay did
not increase significantly with increasing BMIL.
For postpartum length of stay, the association
with BMI was not significantly modified by the
mode of delivery or the presence of a high-risk
condition.

To determine the relative contributions of the
mode of delivery, the presence or absence of a
high-risk condition, and BMI to length of hospi-
tal stay, we calculated the adjusted means for
length of stay according to BMI group with the
use of four different multivariate models (Table 3).
When we controlled for either the mode of deliv-
ery or the presence or absence of a high-risk condi-
tion, the length of stay remained significantly
higher for pregnancies of obese, very obese, and
extremely obese women than for pregnancies of
women of normal weight. However, after adjust-
ment for both mode of delivery and presence or
absence of a high-risk condition, the length of stay
did not increase significantly with increasing BMI.
Because 10.3% of pregnancies occurred in women
who had more than one pregnancy during the
S-year study period, we recalculated the adjusted
mean length of stay for only the first pregnancy
recorded for each woman in our study. The results
were essentially unchanged.

We also examined the use of various prenatal
procedures and encounters according to BMI group
(Table 4). The frequencies of fetal tests, obstetri-
cal ultrasonographic examinations, prenatal visits
with physicians, outpatient medications dispensed,
and telephone calls to the department of obstet-
rics and gynecology were significantly greater for
pregnancies of obese, very obese, and extremely
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Table 2. Adjusted Length of Hospital Stay in Relation to Maternal Body-Mass Index.*

Underweight, Normal, Overweight, Obese, Very Obese,
BMI <18.5 BMI 18.5-24.9 BMI 25.0-29.9 BMI 30.0-34.9 BMI 35.0-39.9

Length of Hospital Stay (N=259) (N=6091) (N=3634) (N=1848) (N=918)
Total

1 day — no. of patients (%) 1(0.4) 14 (0.2) 10 (0.3) 6 (0.3) 1(0.1)

2 days — no. of patients (%) 40 (15.4) 922 (15.1) 475 (13.1) 193 (10.4) 82 (8.9)

3 days — no. of patients (%) 117 (45.2) 2700 (44.3) 1507 (41.5) 690 (37.3) 344 (37.5)

>4 days — no. of patients (%) 101 (39.0) 2455 (403) 1642 (45.2) 959 (51.9) 491 (53.5)

Mean no. of days 3.5£0.2 3.60.1 3.7+0.17 4.0£0.17 4.1:0.17
From delivery to discharge

0 days — no. of patients (%) 3(.2) 58 (1.0) 34 (0.9) 17 (0.9) 7 (0.8)

1 day — no. of patients (%) 57 (22.0) 1392 (22.9) 736 (20.3) 321 (17.4) 163 (17.8)

2 days — no. of patients (%) 129 (49.8) 2949 (48.4) 1683 (46.3) 813 (44.0) 376 (41.0)

3 days — no. of patients (%) 41(15.8) 1071 (17.6) 747 (20.6) 439 (23.8) 232 (25.3)

24 days — no. of patients (%) 29 (11.2) 621 (10.2) 434 (11.9) 258 (14.0) 140 (15.3)

Mean no. of days 2.2:0.1 2.2:0.1 2.3:0.17 2.4:0.17 2.6+0.17
Total no. of days

Vaginal delivery 3.1:0.1 3.2:0.1 3.3:0.1 3.4+0.17 3.620.17

Cesarean delivery 4.9+0.5 5.2+£0.2 5.1:£0.2 5.310.2 5.2+£0.2
No. of days from delivery to discharge

Vaginal delivery 1.8+0.1 1.9:0.1 1.9£0.1 1.9+0.1% 2.0£0.1F

Cesarean delivery 3.5:0.2 3.5+0.1 3.5:0.1 3.6+0.1 3.6+0.1
Total no. of days

With high-risk conditionz 4.4+0.8 4+0.2 4.4+0.2 4.5£0.2 4.5+0.3

Without high-risk condition 3.420.1 3.520.1 3.6:0.1 3.8+0.17 4.0:0.1F
No. of days from delivery to discharge

With high-risk conditioni 2.6+0.4 2.5+0.1 2.6:0.1 2.7+0.1 2.8:0.1

Without high-risk condition 2.1+0.1 2.1:0.1 2.2:0.17 2.3+0.1F 2.5£0.17

Extremely Obese,
BMI =240.0
(N=692)

0
61 (8.8)
213 (30.8)
418 (60.4)
44:0.17

2(0.3)
98 (14.2)
269 (38.9)
171 (24.7)
152 (22.0)
2.7+0.1%

3.7:0.17
5.3:0.2

2.0:0.17
3.7+0.1

4.60.3
4.2:0.17F

2.9:0.17
2.6x0.17

* The results were adjusted for maternal age, race or ethnic group, education, and parity. Plus—minus values are means +SE.

T P<0.05 for the comparison with women of normal weight.

I High-risk conditions during pregnancy were preexisting diabetes mellitus, gestational diabetes mellitus, and hypertensive disorders,
as reported on the electronic medical record or the birth certificate.

obese women (BMI >30.0) than for pregnancies
of women of normal weight. The results of tests
for trend for all procedures and encounters were
significant (P<0.001). The numbers of outpatient
medications dispensed and of telephone calls were
also significantly higher for pregnancies of over-
weight women than for pregnancies of women
of normal weight. However, the relation between
BMI and frequency of prenatal visits varied ac-
cording to the type of health care provider seen.
The frequency of visits with physicians increased
significantly with increasing BMI, but the fre-
quency of visits with nurse practitioners and physi-

cian assistants decreased significantly with in-
creasing BMIL.

The presence of a high-risk condition during
pregnancy increased overall use of health care
services, but it also modified the association
between BMI and use of health care for all pro-
cedures and encounters (tests for interaction,
P<0.001) (Table 4). For example, among very obese
and extremely obese women who had high-risk
conditions during pregnancy, the frequency of
prenatal fetal tests was significantly higher than
among women of normal weight who had high-
risk conditions, but among women without high-
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Model

Basic model

Basic model plus high-risk condition3:
Basic model plus mode of delivery§

Basic model plus high-risk condition
plus mode of delivery

Table 3. Four Multivariate Models for Adjusted Length of Hospital Stay, According to Maternal BML.*
Underweight, Normal, Overweight, Obese, Very Obese, Extremely Obese,
BMIi <18.5 BMI 18.5-24.9 BMI 25.0-29.9 BMI 30.0-34.9 BMI 35.0-39.9 BMI =40.0
(N=259) (N=6091) (N=3634) (N=1848) (N=918) (N=692)
days
3.5:0.2 3.6:0.1 3.740.1F 4.0+0.17 4101 4.4:0.17
3.820.2 3.9:0.1 4.0£0.1 4.2:0.1% 43:0.17 442017
4.0£0.2 4.1:0.1 4.2+0.1 43017 4.4+0.17 4.5£0.17
4.3:0.2 4.4:0.1 4.4:0.1 4.5+0.1 4.5+0.1 4.5:0.1

* Plus—minus values are means +SE. Adjustment factors for the basic model were age in years (18 to 24, 25 to 29, 30 to 34, 35 to 39, or =40),
race or ethnic group (white, black, Hispanic, Asian, or other), educational level in years (<12, 12, or >12), and parity (0, 1 or 2, or =3 births).
T P<0.05 for the comparison with women of normal weight.
I High-risk conditions during pregnancy were preexisting diabetes mellitus, gestational diabetes mellitus, and hypertensive disorders, as re-
ported on the electronic medical record or the birth certificate.
{§ The mode of delivery was vaginal or cesarean.

1450

risk conditions during pregnancy, no significant
increases were found for these groups. A similar
pattern was seen for prenatal obstetrical ultraso-
nographic examinations.

DISCUSSION

Numerous studies have documented the increased
risks of adverse outcomes associated with obesity
during pregnancy,*® but few studies have pro-
vided quantitative estimates of the associated in-
crease in the use of health care services. Two re-
ports from Montpellier, France, estimated the
complications from and costs of obesity during
pregnancy in the same clinic population during
two time periods (from 1980 to 1993 in one study
and from October 1993 to December 1994 in an-
other study).®° The average costs were significant-
ly higher for overweight and obese women than
for women of normal weight, but these cost esti-
mates were based only on costs incurred during
hospitalization. In a more recent qualitative study
from the United Kingdom, 33 maternity and health
care professionals were interviewed about their
views of the effect of maternal obesity on the use
of maternity services and health care resources.*®
There was general consensus that maternal obe-
sity has a major effect on the level of care required
for both the mother and the infant, but this study
could not provide quantitative estimates of the
effect.

Our study quantifies the increased use of health
care services associated with obesity during preg-
nancy. We found that obesity was associated with

N ENGL J MED 358;14 WWW.NEJM.ORG

greater use of inpatient and outpatient health care
services, including increased length of stay during
hospitalization for delivery, greater use of physi-
cian services, and less use of services by nurse
practitioners and physician assistants during pre-
natal visits. The difference in prenatal-care visits
to a physician was evident even among women
without a high-risk condition, a result suggesting
that regardless of risk status, physicians (rather
than mid-level providers) are more likely to provide
prenatal care for pregnancies associated with
higher BMI, with attendant cost implications.

As was found in other studies, we found strong
associations between higher maternal BMI and
older age, higher parity, and lower socioeconomic
status.'®13 The increased risks and higher medical
costs of cesarean delivery, preexisting and gesta-
tional diabetes mellitus, and hypertensive disor-
ders associated with higher maternal BMI are also
well known.* Our analysis found that the asso-
ciations of maternal BMI with the mode of deliv-
ery and the presence of a high-risk condition ex-
plained most, but not all, of the increased use of
health care services that was associated with ma-
ternal obesity. Further exploration of other factors
driving the use of health care services and exami-
nation of the associations between length of hos-
pital stay and health outcomes could help clarify
whether the increased use of health care services
for obese women without high-risk conditions
represents valuable (e.g., additional tests and treat-
ment for obesity-related coexisting conditions) or
unnecessary variations in care.

The presence of a high-risk condition modified
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and Presence or Absence of a High-Risk Condition.*

Table 4. Number of Prenatal Tests, Medications, and Visits with Health Care Providers According to Maternal Body-Mass Index

Underweight, Normal, Overweight, Obese, Very Obese,
BMI <18.5 BMI 18.5-24.9 BMI 25.0-29.9 BMI 30.0-34.9 BMI 35.0-39.9
Variable (N=259) (N=6091) (N=3634) (N=1848) (N=918)
number
Fetal tests
All pregnancies 1.3+0.3 1.6+0.1 1.8:0.1 2.1+0.1% 2.8+0.27
With high-risk condition 2.6:1.2 3.5+0.3 3.9:03 3.9:0.4 5.4+0.47
Without high-risk condition 1.3+0.2 1.3+0.1 1.3:0.1 1.4+0.1 1.4£0.1
Obstetrical ultrasonographic exami-
nations
All pregnancies 3.5+0.4 3.7+0.1 3.9+0.2 4.4+0.27 5.4+0.27
With high-risk condition 6.2+1.7 6.6£0.5 7.0£0.5 7.1£0.5 9.2+0.67
Without high-risk condition 3.303 3.320.1 3.3:0.1 3.310.2 3.4+0.2
Physician visits
All pregnancies 4.310.3 4.4+0.1 4.6:0.1 4.8+0.17 5.4:0.27
With high-risk condition 5.l 5.6+0.3 5.9+0.3 5.9+0.3 6.6+0.47
Without high-risk condition 4.3+03 4.2+0.1 4.4:0.1 4.4:0.2 4.8+0.27
Visits with nurse practitioner or phy-
sician assistant
All pregnancies 5.0£0.3 4.9:0.1 4.8+0.1 4.6+0.1 4.5+0.27
With high-risk condition 3.9+0.9 4.1:0.2 4.1:0.2 3.6:0.2 3.620.3
Without high-risk condition 5.1:03 5.0£0.1 4.9:0.1 4.9+0.2 4.9:0.2
Medications dispensed from outpa-
tient pharmacyi:
All pregnancies 3.620.4 3.620.1 4.1+0.27 4.9+0.27 6.3:0.27
With high-risk condition 4.7+2.0 5.6:£0.5 6.4:0.5 7.0£0.67 9.9:0.67
Without high-risk condition 3.5£0.3 3.4:0.1 3.6:0.2 4.1+0.27 4.5+0.27
Telephone calls to obstetrician-
gynecologist
All pregnancies 5.0+0.3 4.8+0.1 5.2+0.17 5.420.17 6.5+0.27
With high-risk condition 8.5+1.3 7.0:0.4 7.6:0.4 7.4:0.4 9.5:0.47
Without high-risk condition 4.7+0.3 4.5:0.1 4.6:0.1 4.7+0.1 5.1£0.2F

Extremely Obese,
BMI =40.0

(N=692)

3.8:0.2F
6.4:0.47
1.7£0.2

7.5+0.2¢
11.0:0.67
4.7+03%

6.0:0.27
7.60.47
4.9:0.27

3.9:0.27
3.2:037
432021

7.7:0.3¢
10.8:0.67
5.10.37

7.0:0.2¢
9.5:0.41
5.320.27

* Plus—minus values are means +SE. Means were adjusted for maternal age, race or ethnic group, education, and parity. Prenatal refers to the
interval between the start of pregnancy and admission to the hospital for delivery. High-risk conditions during pregnancy were preexisting
diabetes mellitus, gestational diabetes mellitus, and hypertensive disorders, as reported on the electronic medical record or the birth certificate.

T P<0.05 for the comparison with women of normal weight.

I For women in all categories of body-mass index, the most commonly dispensed medications were antibiotics, narcotics, antiemetics, anti-
depressants, antiasthmatics, and cough-and-cold preparations. The single exception was insulin, which was the second most frequently
used medication among very obese and extremely obese women but was not commonly used by women in other categories.

the associations between maternal BMI and cer-
tain measures of use. For example, among women
with a high-risk condition during pregnancy, the
numbers of prenatal fetal tests and obstetrical
ultrasonographic examinations were significantly
higher for women in the two highest BMI cate-
gories, but among women without a high-risk

condition during pregnancy, the increases were
small, and most differences between women with
higher BMI and those with normal BMI were not
significant. This finding may reflect the fact that
clinicians will monitor fetal growth and develop-
ment more closely in women with high-risk con-
ditions, but because measuring growth clinically
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in very obese or extremely obese women is more
difficult, more frequent tests may be needed.'

In contrast, whereas pregnancies complicated
by preexisting diabetes mellitus, gestational dia-
betes mellitus, or a hypertensive disorder were as-
sociated with greater use of medications than were
pregnancies without apparent complications, the
use of medications (as well as the number of tele-
phone calls to the department of obstetrics and
gynecology) increased with increasing maternal
BMI, even for women without a high-risk condi-
tion. We were not able to determine whether these
increases represent increases in the frequency of
health-seeking behavior or greater needs related to
other, unknown complications associated with
high BMIL.

Several limitations should be considered in in-
terpreting our results. First, our findings are not
necessarily generalizable to the U.S. population of
pregnant women, since our study population con-
sisted of members of a managed-care health plan
located in the northwest United States that had
relatively high percentages of white and highly
educated women. In addition, because we excluded
pregnancies for which data on maternal height
were missing, pregnancies of women with com-
plete medical records and frequent care were more
likely to be included. Second, our findings are
based on existing data taken primarily from elec-
tronic records and secondarily from birth certifi-
cates, and any misclassification of variables due to
coding errors would probably bias the findings
toward the null hypothesis.

Third, because we did not validate reported di-
agnoses, misclassification of clinical conditions is
possible. However, because administrative data
systems of managed-care plans are designed to
monitor the use of resources, and because we had
information on all prenatal visits and hospitaliza-
tions during pregnancy and post partum, we con-

sider substantial errors in coding or underreport-
ing to be unlikely.'* Medication use, however,
might be underreported, since the records includ-
ed only prescriptions dispensed at Kaiser Perma-
nente Northwest pharmacies. For reasons of cost
and convenience, most Kaiser Permanente North-
west enrollees do not use pharmacies outside the
group-practice HMO; however, we cannot assess
the extent to which outside pharmacies were used.
Such underreporting would affect estimates of the
absolute number of medications used but is un-
likely to substantially affect the relative differences
in medication use associated with BMI. Finally,
although we controlled for maternal age, race or
ethnic group, educational level, and parity, we
cannot exclude the possibility of uncontrolled con-
founding by unmeasured factors associated with
both BMI and use of health care.

In conclusion, we found that a maternal BMI
higher than normal is associated with greater
use of health care services, especially for preg-
nancies associated with a BMI of 35.0 or greater.
Almost all of the increase in use of services was
related to the increased rates of cesarean deliv-
ery, gestational diabetes mellitus, preexisting
diabetes mellitus, and hypertensive disorders
among obese pregnant women. According to a
recent estimate, about 22% of pregnant women
in nine states are obese.” This could be extrapo-
lated to indicate that of the 4 million births each
year in the United States, approximately 1 mil-
lion involve obese women. Thus, even a small
increase in the cost of health care associated
with obesity will have substantial economic im-
plications.

No potential conflict of interest relevant to this article was
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