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OBJECTIVE — Previous studies of patients with diabetic nephropathy and mild renal
impairment have suggested no deterioration in renal function as a result of pregnancy. The
objective of this study was to determine whether pregnancy may permanently worsen renal
function in women with diabetic nephropathy and moderate-to-severe renal insufficiency.

RESEARCH DESIGN AND METHODS— Eleven patients were identified with dia-
betic nephropathy and moderate-to-severe renal dysfunction (creatinine [Cr] > 124 umol/1
[1.4 mg/dl]) at pregnancy onset by retrospective chart review. Alterations in glomerular filtra-
tion rate were estimated by using linear regression of the reciprocal of Cr over time. An equal
number of nonpregnant premenopausal type 1 diabetic women with similar degrees of renal
dysfunction served as a comparison group for nonpregnant rate of decline of renal function
and potential contributing factors.

RESULTS — Mean serum Cr rose from 159 umol/1 (1.8 mg/dl) prepregnancy to 221 umol/1
(2.5 mg/dl) in the third trimester. Renal function was stable in 27%, showed transient wors-
ening in pregnancy in 27%, and demonstrated a permanent decline in 45%. Proteinuria
increased in pregnancy in 79%. Exacerbation of hypertension or preeclampsia occurred in
73%. Seven patients progressed to dialysis 6-57 months postpartum, with 71% (five of seven)
of these cases attributed to acceleration of disease during the pregnancy. Student's t tests and
repeated-measures analysis of variance support a pregnancy-induced acceleration in the rate
of decline of renal function.

CONCLUSIONS— In this series, patients with diabetic nephropathy and moderate-to-
severe renal insufficiency were found to have a >40% chance of accelerated progression of their
disease as a result of pregnancy.

Preexisting diabetes complicates
0.2-0.3% of pregnancies (1). Most of
these individuals have type I diabetes

of >10 years' duration (1). Though the
incidence is declining, population studies
have revealed that diabetic nephropathy
occurs in ~ 10-40% of individuals with
type I diabetes (2,3), with overt manifesta-
tions generally occurring 10-30 years after

the initial diagnosis of diabetes. Therefore,
a substantial number of women with type I
diabetes who are planning a pregnancy
may have overt nephropathy (24-h urine
protein ^ 0.5 g and/or possibly reduced
glomerular filtration), though they may be
asymptomatic. In one population-based
study of births, ~ 3 % of women with
pregestational diabetes were found to have
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nephropathy (1). In referral centers, the
proportion may be as high as 6-23% (4-6).

Overt nephropathy in pregnancy is
associated with increased maternal and
fetal complications, including exacerbation
of hypertension, worsening proteinuria,
intrauterine growth retardation (IUGR),
prematurity, and fetal demise (1). Previous
studies of patients with documented dia-
betic nephropathy have confirmed these
complications but have noted little perma-
nent worsening of maternal renal function
associated with the pregnancy (5-14). In
fact, it is a tenet of current practice that"...
the long-term course of diabetic nephropa-
thy [is] not affected by pregnancy" (15).
Most of the diabetic subjects studied previ-
ously, however, had nephropathy with lit-
tle or no renal insufficiency (serum creati-
nine [Cr] < 124 umol/1 [1.4 mg/dl]) at
conception. Studies of patients with other
forms of primary glomerular disorders
have demonstrated that whereas preg-
nancy has little effect on long-term renal
function if glomerular filtration rate (GFR)
is only mildly reduced (16-19), a signifi-
cant number have a permanent worsening
of renal function during pregnancy if they
had moderate renal insufficiency at preg-
nancy onset (20-24).

The purpose of this study was to assess
the effect of pregnancy on the course of
renal function in patients with moderate-to-
severe insufficiency (Cr ^ 1 2 4 umol/1 [1.4
mg/dl]) secondary to diabetic nephropathy.
We have found in our small series that
although previous studies suggest that
patients with diabetic nephropathy and
mild renal dysfunction who become preg-
nant show no worsening of the course of
their renal disease, patients with more
advanced renal insufficiency may experi-
ence an acceleration of their nephropathy
similar to that observed for women with
renal disease of other etiologies.

RESEARCH DESIGN AND
METHODS

Patients
Medical records were examined on all
pregnancies coded as White Classes D
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through FR type I diabetes in women who
were treated at the Northwestern Diabetes
in Pregnancy Center from 1981 through
1993 or at the Michael Reese Hospital in
Chicago from 1981 through 1990. Moder-
ate-to-severe renal insufficiency was
defined by a serum Cr level of ^ 124
umol/1 (1.4 mg/dl). Eleven patients were
identified who met these criteria at presen-
tation in the index pregnancy, and their
courses were evaluated through a total of
14 pregnancies. Patients who had first-
trimester spontaneous or elective abor-
tions were not included. Retrospective
chart analysis included information on
maternal renal function through preg-
nancy (Cr, creatinine clearance [CCrl, 24-
h urine protein), diabetic control (GHb),
blood pressure at each prenatal visit and
during any admissions, duration of dia-
betes and existence of other diabetic com-
plications, presence of other medical dis-
orders, and all medications used during
pregnancy. Other factors potentially affect-
ing renal function were noted, including
history of chronic hypertension, urinary
tract infections (UTIs), and recommended
dietary protein intake. Pregnancy compli-
cations, reason for delivery, gestational age
(GA) at delivery, birth weight, percentile
birth weight for GA, and neonatal compli-
cations and congenital anomalies were
noted. Under guidelines established by the
Northwestern University Institutional
Review Board, patients were contacted
and gave written informed consent so that
similar records of renal function, diabetic
control, hypertension, and medications
used before and after each pregnancy
could be obtained from their physicians.
Dates of onset of dialysis or renal trans-
plantation were also obtained.

Significant decline in renal function in
pregnancy was defined as an elevation of
Cr ^ 50% over baseline or a twofold
increase in the rate of decline of the GFR
as measured by the reciprocal of Cr over
time (see below). Permanent worsening of
diabetic nephropathy was attributed to
pregnancy when the degree of renal dys-
function postpartum was greater than that
expected based on the prepregnancy rate
of decline in GFR. Chronic hypertension
was defined as a systolic blood pressure >
140 and/or a diastolic blood pressure ^
90 (with a mean arterial pressure [MAP] ^
100), or the need for antihypertensive
therapy. Blood pressures in pregnancy
were routinely done while the patient was
in the lateral recumbent position. As most

of these patients had overt hypertension
and proteinuria before pregnancy it was
difficult to distinguish preeclampsia from
exacerbation of hypertension and protein-
uria associated with renal disease. Reliance
was placed upon acute changes in hyper-
tension and in the level of proteinuria, or
upon objective criteria such as elevated
transaminases or thrombocytopenia. The
diagnosis of eclampsia was reserved for a
patient having a grand mal seizure, not
attributable to other etiologies, in the set-
ting of diagnosed preeclampsia. Normal
GHb levels were 5-7% at Northwestern
and 4.5-6.5% at Michael Reese. The
Michael Reese patients GHb levels were
adjusted to those at Northwestern by
adding 0.5% for the analysis. Prematurity
was defined as birth before 37 weeks GA.
Designation of IUGR required the birth
weight to be <10th percentile for GA, as
established by Brenner et al. (25).

A comparison group of nonpregnant
premenopausal women with type I dia-
betes and diabetic nephropathy with mod-
erate-to-severe renal insufficiency was
sought from among the treatment records
of the endocrinology practices at North-
western Memorial Hospital over the same
time interval (1983-1993). Eleven women
met the criteria with serum Cr levels ^
124 umol/1 (1.4 mg/dl) and at least 3 years
of follow-up data (until the end of 1995 or
the onset of dialysis or renal transplanta-
tion). Their records were examined for
indexes of renal function (Cr, CCr, 24-h
urine protein), diabetic control (GHb),
blood pressure, duration of diabetes, exis-
tence of other diabetic complications, his-
tory of UTIs, presence of other medical
disorders, and all medications used.

Statistical analysis
Change in GFR was estimated by using
linear regression analysis to plot the recip-
rocal of Cr (1/Cr) over time for each inter-
val (prepregnancy, pregnancy, and post-
partum). Where possible, similar plots
were made of CCr over time. Pearson two-
tailed correlations were calculated for the
index pregnancies of each to assess the
contributions of variables such as chronic
hypertension, MAP, preeclampsia/eclamp-
sia, diabetic duration, age, existence of
other diabetic complications, UTIs, and
glycemic control to any alteration noted in
renal function.

Similar plots of the inverse of Cr over
time were constructed for the nonpreg-
nant patients. The slopes obtained by lin-

Table 1—Patient characteristics

Patient number 11
Number of pregnancies 14
Age at parturition (years) 29.2 ± 5 (20-36)
DM duration at parturition 20 ± 4.4 (13-28)

(years)
Race

Black 1(9.1)
White 8 (72.7)
Hispanic 2 (18.2)

Initial pregnancy Cr 159±62(124-362)
(umol/1)

Initial 24-h urine protein 2.4 ± 2.4 (0.2-8)
(g/24 h)

Chronic hypertension 9(81.8)
Chronic anemia 7 (63.6)
Proliferative retinopathy 6 (54.5)
Autonomic neuropathy 3 (27.3)
GHb on presentation 8.7 ± 1.0 (7.1-10.7)

(%)
Data are n, n (%), or means ± SD (range). All statis-
tics were derived from the 11 index pregnancies.
Creatinines are given in umol/1. Conversion factor
from SI units to mg/dl is 0.0113.

ear regression were compared with those
of the pregnant patients during the various
intervals by independent samples Stu-
dents t test and repeated-measures analy-
sis of variance (ANOVA). Among the preg-
nant patients, the slopes of the intervals
(prepregnancy, pregnancy, and postpar-
tum) were compared by paired samples
Students t tests.

RESULTS— The characteristics of
these 11 pregnant patients are delineated
in Table 1. Mean age at parturition in the
initial or sole pregnancy was 29 years
(range 20-36 years), with a mean duration
of diabetes of 20 years (range 13-28 years).
Though patients at both hospitals are
racially diverse, most of the subjects found
were white. Two sisters were followed
through multiple pregnancies, though only
the initial pregnancy for each was used in
the statistical analyses. Another patient met
the entry criteria for renal insufficiency in
her second pregnancy, which was the preg-
nancy analyzed, though the data from her
earlier pregnancy are graphically demon-
strated (Fig. 1, patient 5). No data could be
found on 3 of the 11 patients before their
initial pregnancy, and 2 of these had initial
presentations in the second trimester.
None of these three patients appeared to
have a permanent decline in renal function
associated with their pregnancies. Postpar-
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Figure 1—Reciprocal of Cr versus time for patients with no permanent worsening of renal function
secondary to pregnancy, n = 6. For the index pregnancy, O indicates prepregnancy values, • indicates
pregnancy values, and A indicates values in the postpartum period. The area bracketed by dashed
lines, and marked by a p, corresponds to the interval of pregnancy. The index pregnancy, used in the
statistical correlations, starts at time zero and is identified by an asterisk. V, O, and O are used to
represent pregnancies and other nonpregnant intervals not used in the statistical analyses. Reciprocal
of Cr is given as mmolA. Conversion factor from SI units to dl/mg is 88A.

turn follow-up varied from 35 to 138
months after the initial pregnancy studied.

Individual patient renal function data
are presented in Table 2 and summarized in
Table 3. The mean serum Cr levels for the
11 pregnancies analyzed increased from
159 to 221 umol/1 (1.8-2.5 mg/dl) during
the course of pregnancy. The increase in Cr
from the initial to final values in pregnancy
ranged from 2 to 150%. Of these 11 preg-
nancies, 6 (patients 1, 3, 4, 5, 8, 10)
appeared to have no permanent worsening
of renal function, whereas 5 (patients 2, 6,
7,9,11) had permanent worsening of renal
function due to the pregnancy.

In the group with no permanent wors-
ening of renal function, three patients had
stable Cr levels through pregnancy (desig-
nated "S" in Table 2), whereas another
three demonstrated transient worsening of
renal function ("T") in pregnancy. Two of
these six patients subsequently progressed
to dialysis 6 (patient 10) and 57 (patient 3)
months postpartum, unrelated to the
pregnancy alterations in renal function.
The individual graphs of the reciprocal of
Cr over time for the prepregnancy, preg-
nancy, and postpartum periods are pre-
sented in Fig. 1.

Five patients had a clear permanent
decline in GFR in association with preg-

nancy. All five required dialysis at a mean of
23 ± 11.6 months postpartum. Figure 2
demonstrates the reciprocal of Cr over time
for this group of patients. In all five, there

Table 2—Individual renal function data

was an acceleration of the rate of fall of GFR
during the pregnancy, resulting in a perma-
nent worsening of renal function from
which there was no recovery. In one of
these five, the rate of fall of glomerular fil-
tration continued at an accelerated rate
postpartum (designated "A" in Table 2), but
in the other four there were similar rates of
change in GFR both prepregnancy and
postpartum with a significant acceleration
in the fall of GFR during pregnancy ("D").
The estimated effect of pregnancy on the
decline of renal function may be assessed in
each patient by comparing the intercepts of
the prepregnancy and postpartum linear
regressions with a horizontal line drawn at
a reciprocal of Cr of 1.13 X 10 ' 1/umol
(i.e., Cr of 884 umol/1 [10 mg/dl]), a postu-
lated point for initiation of dialysis. By this
method, it appeared that dialysis was has-
tened approximately 36 months in this
sample of five patients. Where sufficient
24-h urine collections were available, the
Cr clearance was also plotted versus time,
and similar slopes to the reciprocal of Cr
were obtained (data not shown).

Although these 11 patients were fol-
lowed through a total of 14 pregnancies,
only the index pregnancy (p*) was used
for these statistical analyses, to avoid the
confounding effects of multiple gesta-
tions. Patient 8 had stable renal function
in her first and third pregnancies and a

Patient Initial Cr Final Cr <3
Postpartum Cr

<6 <12 Pattern

A. Patients with no permanent worsening of renal function by pregnancy

1
3
4
5
8
10

124
124
133
141
133
362

133
186
177
239
141
371

—
159
150
186
124
380

106
—
159
168
—
919

106
133
159
177
—
—

133 (96)
698 (57)
177(138)
159(15)
124(14)
919 (6)

B. Patients with permanent worsening of renal function during pregnancy
2
6
7
9
11

150
124
141
133
150

194
203
354
194
292

292
186
318
186
389

354
186
345
—
442

451
221
451
194
628

725 (20)
1025 (26)
610(18)
707 (42)
849(13)

S
T
T
T
S
S

A
D
D
D
D

Cr = serum creatinine in pmol/1; initial Cr = initial creatinine in pregnancy; final Cr = final creatinine meas-
ured in pregnancy; postpartum Cr = creatinines measured S 3 months, S6 months, S12 months, and
>12 months postpartum, or until dialysis, with months of follow-up listed in parentheses. Creatinines are
given in umol/1. Conversion factor from SI units to mg/dl is 0.0113. A = accelerated rate of decline of renal
function during pregnancy, which continued postpartum; D = similar rates of decline of renal function
both prepregnancy and postpartum, with permanent worsening of renal function secondary to the preg-
nancy decline; S = stable renal function during pregnancy; T = transient worsening of renal function dur-
ing pregnancy, with evidence of recovery postpartum.
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Table 3—Summary of renal data in pregnancy

Initial pregnancy creatinine (pmol/1)
Initial pregnancy creatinine clearance (ml/s)
Initial 24-h urine protein (g/24 h)
Number in nephrotic range
Final pregnancy creatinine (umol/1)
Final pregnancy creatinine clearance (ml/min)
Final 24-h urine protein (g/24 h)
Number in nephrotic range
Worsening proteinuria
Number progressing to dialysis
Months from parturition to dialysis
UTI in pregnancy

Recurrent UTIs in pregnancy
Exacerbation of hypertension in pregnancy
Preeclampsia/eclampsia

159 ± 62 (124-362)
0.68 ±0.22 (0.32-1.12)

2.4 ± 2.4 (0.2-8)
2 (18.2)

221 ±80 (133-371)
0.53 ±0.22 (0.25-1.12)

5.6 ±3.9 (0.8-14.4)
8(73)
9(82)

7 (63.6)
26 ± 16.4 (6-57)

5 (45.4)
4 (36.4)
8(72.7)
3 (27.3)

Data are n (%) or means ± SD (range). All data refer to the 11 index pregnancies. Creatinines are given in
pmol/1; conversion factor from SI units to mg/dl is 0.0113.

transient decline in renal function in her
second pregnancy. Patient 9 demon-
strated permanent declines in renal func-
tion in both of her pregnancies, starting
dialysis 24 months after her second deliv-
ery. Although there is considerable
interindividual variability in the rate of
decline in renal function, for the group as
a whole the mean slope was —1.05 X
10-4 1 • umoF • month-1 (-9.28 X 10"3

dl • mg-1 • month"1) prepregnancy,
-3.38 X 10-4 1 • umoF • month-1

(-2.99 X 10-2 dl • mg-1 • month"1) for
the index pregnancy, and —0.92 X 10~4 1
• umoh1 • month"1 (-8.13 X 10"3 dl •
mg-1 • month"1) for the postpartum
period. Paired t tests revealed no signifi-
cant difference in the slopes for the
prepregnant and postpartum intervals (P
= 0.76), though there was a significant
difference between the pregnant slopes of
decline in renal function versus the
prepregnant interval (P = 0.019) or the
postpartum period (P = 0.003). This dif-
ference was primarily due to the changes
occurring in the five patients with perma-
nent worsening of renal function during
pregnancy.

Proteinuria worsened in 9 of the 11
index pregnancies (81.8%), with
nephrotic range proteinuria (>3 g/day)
documented in eight patients at the con-
clusion of pregnancy. Four patients had
nephrotic range proteinuria at pregnancy
onset (patients 2 and 11), or by the second
trimester (patients 6 and 7), all of whom
subsequently had a permanent decline in
renal function during pregnancy. Later
development of nephrotic range protein-

uria appeared to have no association with
a poor renal outcome. Protein restriction
was not prescribed during any gestation,
though it has been used postpartum since
the late 1980s.

Glycemic control, as reflected by
GHb, tended to be inadequate at the first
prenatal visit (range of 7.1-10.7% or
2.2-9.4 standard deviations above the

0.010

o 0.008 -

~ 0.004 -

8

0.000

normal control mean), but improved
through the course of pregnancy (range
4.9-8.8% or -2.2-5.6 standard devia-
tions around the normal control mean, in
the third trimester). There was no signifi-
cant difference between the mean GHbs in
the first or third trimesters of those whose
renal function appeared to be permanently
worsened by pregnancy (first trimester
8.6%, third trimester 6.8%), versus those
whose renal function was not permanently
affected by pregnancy (first trimester
8.8%, third trimester 6.6%).

Of the 11 patients, 9 (81.8%) had pre-
existing hypertension, and hypertension
developed in the other two during preg-
nancy. Hypertensive therapy during preg-
nancy included methyldopa, hydralazine,
atenolol, prazosin, verapamil, nifedipine,
diltiazem, furosemide, and hydrochloroth-
iazide. Two patients were treated with
enalapril at pregnancy onset, which was
discontinued at 5 weeks (patient 5) and 12
weeks (patient 7) gestation, respectively.
Despite therapy, blood pressure values
persisted in the hypertensive range
throughout two pregnancies (patients 4
and 7). There was an exacerbation of the
hypertension in 8 of 11 pregnancies
(72.7%), which was contributory to the
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Figure 2—Reciprocal ofCr versus time for patients with permanent worsening of renal function sec-
ondary to pregnancy, n = 5. For the index pregnancy, O indicates prepregnancy values, • indicates
pregnancy values, and A indicates values in the postpartum period. The area bracketed by dashed
lines, and marked by a p, corresponds to the interval of pregnancy. The index pregnancy, used in the
statistical correlations, starts at time zero and is identified by an asterisk. V, O, and <> are used to
represent pregnancies and other nonpregnant intervals not used in the statistical analyses. Reciprocal
ofCr is given as l/mmol. Conversion factor from SI units to dl/mg is 88 A.
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decision for early delivery. Preeclampsia
occurred in 3 of the 11 pregnancies
(patients 7, 8, and 9), one of whom suf-
fered eclampsia (patient 8). Poorly con-
trolled hypertension and preeclampsia/
eclampsia were noted with equal distribu-
tion between those who had no perma-
nent decline in renal function and those
with demonstrable decline associated with
pregnancy. Pharmacological agents used to
treat the hypertension also did not differ
between the two groups. There was a
trend toward permanent worsening of
nephropathy in those with the highest
recorded blood pressures, but this was not
statistically significant, possibly due to
lack of power.

UTIs occurred in 5 of 11 pregnancies
(45.4%), with multiple bladder infections
in four of the five. One patient (patient 10)
had stable though poor renal function
throughout pregnancy but developed
pyelonephritis less than 1 month postpar-
tum, which resulted in renal failure requir-
ing dialysis.

Overall, 7 of 11 patients (patients 2, 3,
6, 7, 9, 10, 11—63.6%) progressed to
dialysis or transplantation, after a mean of
26 months from parturition. In five of
these seven patients, the rate of progres-
sion to renal failure appeared to be acceler-
ated by the pregnancy. As noted above,
one patient (patient 10) had stable renal
function through pregnancy but had a
rapid deterioration in the 1st month post-
partum secondary to pyelonephritis,
which may have been associated with the
anatomic and physiological changes of the
urinary tract in pregnancy. Nevertheless,
she was included in the group whose renal
function was not worsened by the preg-
nancy. The final patient (patient 3)
demonstrated a transient dramatic decline
in pregnancy, was at baseline Cr 2 years
later and subsequently had a rapid decline
to end-stage renal disease associated with
a myocardial infarction and pulmonary
edema. There was insufficient power to
detect any correlation between declining
renal function and diabetic control, blood
pressure control, or UTIs.

Of the 11 patients, 7 (63.6%) had
chronic anemia, consistent with the
severity of their renal dysfunction. One
patient (patient 5) received erythropoi-
etin therapy throughout her pregnancy,
and two others (patients 6 and 11)
received transfusions.

All the patients had diabetic retinopa-
thy, though proliferative retinopathy was

Table 4—Pregnancy outcome

Gestational age at delivery (weeks)
Premature delivery (<37 weeks)

28-32 weeks gestation
Before 28 weeks gestation

Primary reason for preterm delivery
Nonreassuring fetal status
Worsening renal function
Hypertension/preeclampsia
Premature rupture of membranes

Birthweight (g)
Percentile weight for gestational age (%)
Intrauterine growth retardation
Congenital anomalies (VSD, microcolon)
Neonatal morbidity

RDS
Apnea
Hyperbilirubinemia
Intraventricular hemorrhage

34.3 (24.2-38.1)
11/14(78.6)
3/14(21.4)
1/14(7.1)

4/14 (28.6)
3/14(21.4)
2/14 (14.3)
2/14 (14.3)

2125(540-3575)
40(8-85)
1/14(7.1)

2/14(14.3)
11/14(78.6)
9/14 (64.3)
2/14 (14.3)
7/14 (50)

2/14 (14.3)
Data are n (%) or medians (range). Data refer to the outcomes of all 14
preeclampsia was listed as contributing reason for premature deliver)- in 8 of

pregnancies. \lypertension/
14 pregnancies ( .^ 'HA

diagnosed and treated in only 6 of the 11
(54.5%) prepregnancy The retinopathy
progressed, requiring laser therapy, in 5 of
11 pregnancies (45.4%). Macular edema
was noted in two of the patients (patients 1
and 6). Other diabetic complications
included peripheral and autonomic neu-
ropathy in three patients (patients 7, 10,
and 11).

Pregnancy outcomes are summarized
in Table 4. Of the 14 pregnancies studied,
11 (78.6%) resulted in premature deliver-
ies. Delivery occurred at a median of 34
weeks, with a birthweight median of 2,125
g. Percentile birthweight for GA varied
from 8 to 85% (23), with only one of the
offspring fitting the criteria for IUGR. Rea-
sons for delivery included exacerbation of
hypertension or preeclampsia/eclampsia,
worsening renal function, nonreassuring
fetal status, and prolonged rupture of
membranes with premature labor. Four
patients required cesarean deliveries: three
for nonreassuring fetal status during labor
and one for failed induction. Congenital
anomalies occurred in two offspring (ven-
tricular septal defect and left microcolon).
There were no perinatal deaths. Neonatal
morbidity was high but predominantly
related to prematurity, with the presence of
respiratory distress syndrome (RDS),
apnea, hyperbilirubinemia, and intraven-
tricular hemorrhages.

The 11 nonpregnant patients had a
mean age of 31.8 ± 8.5 years (range 20-49

years) at the time of recognition of moder-
ate-to-severe renal insufficiency, with a
diabetes duration of 20.6 ± 6.5 years
(range 10-34 years). The majority were
white (9 of 11—82%). Cr levels ranged
from 124 to 256 umol/1 (1.4-2.9 mg/dl) at
the start of the follow-up period, with pro-
teinuria ranging from 0.3 to 4.7 g/24 h
(2.1 ± 1.4 g/24 h), with three in the
nephrotic range. All were treated for
chronic hypertension, with 8 of 11
(72.7%) receiving ACE inhibitors. Dia-
betic control ranged from good to poor
over the years examined. Other diabetic
complications noted at the time of onset of
moderate-to-severe renal insufficiency
included proliferative retinopathy (100%),
autonomic neuropathy (63.6%), car-
diomyopathy or ischemic heart disease
(36.4%), and Charcot joints (27.3%).
Recurrent pyelonephritis was noted in 3 of
11 (27.3%). Figure 3 plots the linear
regression of the reciprocal of Cr over time
for these 11 patients, although it is pre-
sented in three panels for more ready
viewing of the individual points. As can be
seen, the decline in GFR demonstrates
considerable interindividual variability but
is essentially linear, except in two patients
where a curvilinear pattern predominates
secondary to episodes of pyelonephritis.
The mean slope of decline in renal func-
tion for the nonpregnant patients was
-1.17 X 10-U • umoF • month1 (-1.03
X 10~2 dl • mg"1 • month"1), which is not
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Figure 3—Reciprocal of Cr versus time for nonpregnant patients, n = 11 (presented in three panels
for more ready viewing of the individual points). Reciprocal of Cr is given as mmolfl. Conversion fac-
tor from SI units to dl/mg is 88A.

significantly different from the slopes
found in our pregnant group in the
prepregnant (P = 0.78) or postpartum (P =
0.14) intervals. However, there is a signifi-
cant difference between the slope of
decline in GFR during pregnancy for the
pregnant group as a whole compared with
the slopes seen in the nonpregnant
patients (P = 0.009). Repeated-measures
ANOVA revealed a significant difference
between the inverse of the Cr in the preg-
nant patients versus the nonpregnant
patients, whether assessed over a 1-year
period, corresponding with the pregnancy
(F = 5.37, P = 0.006), or a 3-year period (F
= 3.86, P = 0.016). Of these 11 nonpreg-
nant patients, 7 (63.6%) progressed to
dialysis or renal transplantation a mean of
5.6 years (range 3-10 years) after recogni-
tion of their moderate-to-severe renal
insufficiency.

CONCLUSIONS— Pregnancy is asso-
ciated with a number of normal physio-
logical adaptations that might predispose
to the progression of nephropathy in
patients with preexisting renal insuffi-
ciency (26), including marked increases in
GFR and effective renal plasma flow early
in gestation. In a normal pregnancy, this
results in an increase in CCr and a decline
in serum Cr to <71 umol/1 (0.8 mg/dl).
However, in the setting of preexisting
nephropathy, sustained elevation in GFR
may be maladaptive, contributing to a
decline in renal function (26). In preg-
nancy, there is an even reduction in tone of
the afferent and efferent arterioles, with
consequent maintenance of intraglomeru-
lar pressure. However, this pregnancy-
induced afferent arteriolar vasodilation
provides ready transmission to the
glomerulus of the increased systemic pres-
sure associated with exacerbation of
hypertension and preeclampsia, which are

44% more common in pregnancies associ-
ated with diabetic nephropathy (5-7,27),
thus increasing the potential for further
glomerular injury. Pregnancy and the early
postpartum period are also accompanied
by an increased incidence of UTIs and
pyelonephritis secondary to ureteral hypo-
motility with vesicoureteral reflux, physio-
logical hydronephrosis, and increased uri-
nary nutrient content (glucose, amino
acids, and water-soluble vitamins). That
predisposition to UTIs was noted in our
patients and may have contributed to the
rapid postpartum progression to dialysis
in one patient.

The inability to use ACE inhibitors
may contribute to the more rapid progres-
sion to renal failure of pregnant women
with diabetic nephropathy than of their
counterparts who do not conceive, though
this was not seen in our small study.

This potential predisposition to pro-
gression of nephropathy in pregnancy has
been investigated in numerous studies.
Reviews of pregnancies in patients with
nondiabetic forms of nephropathy have
demonstrated that individuals with mild
renal dysfunction (CCr > 1.17 ml/s [70
ml/min], or Cr < 106 umol/1 [1.2 mg/dl])
and no hypertension at conception have
little risk of nephropathy progression dur-
ing pregnancy (16-18). Up to 16% of the
women in these studies had generally mild
worsening of renal function in pregnancy,
with only 3-5% demonstrating perma-
nent dysfunction related to the pregnancy.
In contrast, studies involving patients with
more significant renal dysfunction
revealed that 8-50% develop a permanent
decline in renal function attributed to the
pregnancy (20-24). These patients also
have a high rate of obstetrical complica-
tions including fetal growth retardation,
prematurity, and perinatal demise
(20-24,28). It is likely, however, that

hypertension is a confounder with regard
to adverse perinatal outcome. Because
hypertension is a common accompani-
ment of significant renal impairment, it
has been difficult to assess the indepen-
dent effect of renal insufficiency on perina-
tal outcome.

Previous studies of diabetic nephropa-
thy in pregnancy primarily involved
patients with mild renal insufficiency at
conception and concluded that there is no
acceleration of the nephropathy by preg-
nancy (5-13). However, within the aggre-
gate of 177 patients reported in these
series, 24 patients met our criteria for a
serum Cr of ^ 124 umol/1 (1.4 mg/dl),
and eight of these (33%) had progression
of their nephropathy apparently as a result
of pregnancy. Only one previous study has
specifically looked at the pregnancy out-
come of patients with moderate renal
insufficiency secondary to diabetic
nephropathy (14). In this study, six
women were followed who had initial
pregnancy Cr levels of ^ 124 umol/1 (1.4
mg/dl). Three demonstrated at least tran-
sient worsening of their renal function
during pregnancy.

In the current study, pregnancy was
associated with a permanent decline in
renal function, requiring the institution of
dialysis in 45% of the 11 patients 11-42
months postpartum (mean of 23 months),
~36 months sooner than predicted by the
individual's prepregnancy estimate of
decline in GFR. Of the patients, 27%
demonstrated stable renal function
through pregnancy, and 27% had transient
worsening of renal function attributed to
the pregnancy.

For a given patient with established
nephropathy and decreased GFR, the rate
of decline of GFR is generally linear,
whether assessed by isotope methods (29)
or the reciprocal of the serum Cr (30), and
the rates of decline of GFR demonstrate
considerable variability between individu-
als (29,30). This was confirmed in our
own study of 11 nonpregnant patients
with diabetic nephropathy and moderate-
to-severe renal insufficiency. Because of
this marked interindividual variability the
nonpregnant patients could not be com-
pared with the pregnant patients in a strict
manner, though the independent t tests
and repeated-measures ANOVA support
the existence of group differences in the
rate of decline in renal function. Therefore,
in this study the patient served as her own
control, a technique used previously to
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document the beneficial effect of antihy-
pertensive therapy on nephropathy pro-
gression (31). A prepregnancy slope of the
reciprocal of Cr over time was used to esti-
mate her personal rate of decline in GFR to
compare with changes that occurred in
pregnancy. This rate of progression may be
altered by such factors as hypertension
and its therapy, ACE inhibitors, infections,
dietary protein, and glycemic control.
Three of our patients did not have
prepregnant assessment of their renal
function available, but as they were among
the group with no apparent worsening of
their renal function in pregnancy, this does
not alter the current report.

Unfortunately, although the reciprocal
of Cr over time has been used extensively
for many years in studies as an estimate for
change in GFR, this method is subject to a
number of limitations (32). The reciprocal
of Cr does not equal GFR but is propor-
tional to it. In particular, proximal tubular
secretion of Cr, which increases variably
with increasing serum Cr and proteinuria
(33), blunts the rise of serum Cr and falsely
elevates CCr and inverse Cr in renal insuf-
ficiency. Thus, both inverse Cr and CCr
overestimate GFR at all levels of renal func-
tion, with greater discrepancy at lower lev-
els of GFR (worsening renal function). CCr
has the further disadvantage of a poten-
tially incomplete urine collection because
of the high urine dead space error that
occurs in pregnancy. These factors con-
tribute to the high coefficient of variation
between replicate measures of CCr, with
consequent lack of precision. The inverse
of Cr is more precise than CCr, with lower
coefficient of variation between replicate
measures (~6.3%) when renal function is
diminished. In view of these factors, there
is some question of the accuracy of our
results in reflecting decline in renal func-
tion, particularly with respect to the
prepregnancy slopes, where Cr levels are
less accurate and precise. The decline in
renal function may be more severe than
depicted, because of the delayed rise in
serum Cr with declining GFR. However,
the retrospective nature of this study limits
the information that we obtained, as CCr
was not performed at regular intervals dur-
ing the prepregnancy and postpartum peri-
ods in all patients. More precise methods of
measuring GFR could not be carried out as
they are research tools or not appropriate
for pregnancy (radiolabeled techniques).

Hypertension exacerbation in preg-
nancy would be expected to hasten pro-

gression of nephropathy in pregnancy
(11,27,34). In our patients, it was difficult
to ascertain whether the hypertension was
causing a worsening of renal function, or
whether the worsening renal function was
exacerbating the hypertension, thus per-
petuating a vicious cycle.

Examination of the literature for all
causes of nephropathy suggests that indi-
viduals with moderate renal insufficiency
and associated hypertension not only
carry a significant risk of progression of
their nephropathy with pregnancy, but
also have an increased risk of maternal
(exacerbation of hypertension, preeclamp-
sia, and acceleration of retinopathy) and
fetal/neonatal (prematurity, IUGR) mor-
bidity. In our study, prematurity and fetal
morbidity were high, but perinatal sur-
vival was 100%.

As diabetic nephropathy with moder-
ate renal insufficiency is uncommon in
women of childbearing age, the numbers
studied were necessarily small, which
reduces the power of the study. As well,
there may be a component of referral
bias, though most Class F diabetic
patients would be referred for high-risk
obstetric care. Measurement bias may
also be a factor, as clinical practice dic-
tates increased monitoring of blood pres-
sure and renal function in those who get
worse in pregnancy.

The clear majority of women with type
I diabetes, including those with proteinuria
and mild renal insufficiency (Cr < 124
umol/1 [1.4 mg/dl]), can anticipate a suc-
cessful pregnancy. We examined 11
patients with moderate-to-severe diabetic
nephropathy (Cr > 124 umol/1 [1.4
mg/dl]) through 14 pregnancies and found
a >40% risk of progression of the
nephropathy attributable to the pregnancy,
with a more rapid progression to end-stage
renal disease. A multicenter study of a
larger number of patients with moderate
renal insufficiency is needed in order to
confirm these findings and to ascertain the
prepregnancy and pregnancy risk factors
that discriminate those at highest risk for
acceleration of disease. However, based on
current information, women with more
advanced renal insufficiency should be
counseled regarding fetal and maternal
risks. The patient and her physician need
to weigh these potential risks of maternal
and fetal morbidity against the increasing
risk of infertility with worsening nephropa-
thy. This could be the last chance for her to
have a successful pregnancy until after

renal transplantation. After counseling,
should the patient elect to proceed with
pregnancy, she should be followed inten-
sively as a high-risk pregnancy with good
glycemic and blood pressure control, fre-
quent urine cultures and measurements of
renal function, and careful monitoring of
maternal and fetal well-being.
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