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Abnormal increases in urinary albumin excretion during pregnancy
in IDDM women with pre-existing microalbuminuria
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Summary We compared urinary albumin excretion
during and after pregnancy in 30 insulin-dependent
diabetic (IDDM) women with normoalbuminuria and
in 12IDDM women with microalbuminuria
(> 15 ug - mint) prior to conception. There was a 6.7-
fold increase in the urinary albumin excretion up until
the third trimester in the women with pre-existing mi-
croalbuminuria, compared with a 3.8-fold increase in
the normoalbuminuric women. In both groups of pa-
tients the urinary albumin excretion reached a peak
during the third trimester with 492 + 404 ug - min~' in
the microalbuminuric women vs 43 + 36 ug - min™! in
the normoalbuminuric women (p < 0.0005). Two wo-
men from each of the groups developed eclampsia
with diastolic blood pressure over 90 mm Hg, mild or
moderate oedema and macroproteinuria. Four of the
pregnant women with pre-existing microalbuminuria
showed a transient nephrotic syndrome (33.3 %) with
protein excretion over 3 gin 24-h urine samples during
the third trimester. In contrast, this was not observed
in any of the normoalbuminuric women (p < 0.05).

Within 12 weeks after delivery the urinary albumin
excretion rates dropped to the pre-conception values
in both patient groups. Renal function remained nor-
mal during pregnancy in both of the groups, with a
physiological increase in creatinine clearance up until
the third trimester (26 % increase in the normoalbu-
minuric women vs 22 % in the microalbuminuric wo-
men). In conclusion, the effect of pregnancy on the
urinary albumin excretion in diabetic women with pre-
existing microalbuminuria is an exaggeration of the
increase of albuminuria in diabetic women with nor-
moalbuminuria; normalization occurs within
12 weeks after delivery in all cases. This enhancement
of the albumin excretion in the microalbuminuric wo-
men cannot be explained by a larger increase in the
hyperfiltration during pregnancy. [Diabetologia
(1994) 37: 905-910]
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A subclinical increase in urinary albumin excretion, so-
called microalbuminuria (albumin excretion rate
> 15 pg - min™), is the main manifestation of incipient
diabetic nephropathy and a predictor of the later de-
velopment of clinical diabetic nephropathy [1, 2]. Glo-
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merular hyperfiltrationis a feature of IDDM and it can
be assumed that the augmented filtration rate or some
haemodynamic determinants of that increased rate,
such as an elevated capillary pressure, damage the dia-
beticglomerulusdirectly[3]. Atransientincreaseinthe
glomerular filtration rate can also be seen in healthy
pregnancy [4], and this physiological hyperfiltration
may be accompanied by a slight increase in the protein
excretion up until the third trimester [5]. In diabetic
women with normoalbuminuria prior to conception
the effect of pregnancy on the urinary albumin excre-
tionis obviously an exaggeration of the normal pattern;
the levels return to the normal range after delivery [6].
But there are no data in the literature concerning the
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Table 1. Clinical and laboratory data prior to conception in
diabetic women with normoalbuminuria and microalbuminuria

Diabetic women with
Normoal- Microal-
buminuria buminuria
n 30 12
Age (years) 25+5 25%3
Duration of
diabetes (years) 11«5 1243
Body mass
index (kg/m?) 22+3 23+3
Serum creatinine .
(umol/l) 75+ 10 77+8
Creatinine clearance
(ml- st 1.73 m?) 1.95+0.36 1.96 £ 0.28
Albuminuria (ug/min) 9.0+4.1 632+49.3
Albumin/creatinine ratio 1.07+0.55 9.28+8.13
Proteinuria (g/day) 0.052 £ 0.046 0.220 £ 0.161
Systolic blood
pressure (mm Hg) 116 £ 8 1188
Diastolic blood
pressure (mm Hg) 73+6 79t6
Glycated haemoglobin (%) 6.4x1.0 72+1.0
Current smokers z (%) 10 (33.3) 5 (41.6)

Values are shown as mean = SD, prevalences are presented as
number (%)

influence of pregnancy on urinary albumin excretionin
diabetic women with pre-existing microalbuminuria.

We compared the urinary albumin excretion rates
and the creatinine clearances before, during and after
pregnancy in 30 IDDM women with normal albumin
excretion prior to conception and in 12 IDDM women
with pre-existing microalbuminuria. The aim of this
prospective study was to evaluate the effect of preg-
nancy on urinary albumin excretion and renal function
in diabetic women who have elevated albumin excre-
tion even before pregnancy.

Subjects and methods

The urinary albumin excretion and renal function during and
after pregnancy were compared in 30 IDDM women with pre-
existing normoalbuminuria and in 12 IDDM women with mi-
croalbuminuria (urinary albumin excretion >15 and
<250 ug - min~t). All of these women were under out-patient
hospital care even prior to conception and became pregnant
during the years 1985-1992. Entry into the study was at the first
attendance in our out-patient care unit after 8-12 weeks gesta-
tion. Data for the patients were available for at least 6 months
prior to conception, during pregnancy and 3 months after de-
livery. Diabetic women with pre-existing macroproteinuria
(> 0.5 g protein 24-h urine samples) were excluded from the
study. The 42 patients were aged 18-43 years, the duration of
diabetes ranged from 2-24 years. The clinical and laboratory
data of the diabetic women with pre-existing normoalbumin-
uria as well as the data of those with microalbuminuria, mea-

Table 2. Data of delivery, fetomaternal complications and peri-
natal outcome in diabetic women with pre-existing normoalbu-
minuria and microalbuminuria

Diabetic women
Normoal- Microal-
buminuria buminuria
Vaginal delivery 16 (533 %) 4(333%)°
Caesarean section 14 (46.6 %) 8 (66.6 %)°
Gestational week
of delivery 38+2 37+20
Premature
delivery (< 34 week) 0(0%) 1(83%)°
Birthweight (g) 3277 £ 690 3083 + 707°
Small for
gestational age 0(0%) 2(16.6%)°
Large for
gestational age 1(33%) 1(83%)°
Maternal complications
Polyhydramnios 0(0%) 1(83%)°
Eclampsia 2 (6.6%) 2 (16.6%)P
Nephrotic syndrome 0(0%) 4 (333 %)
Stillbirths 0(0%) 1(83%)°
Perinatal complications
Respiratory distress
syndrome 0(0%) 0(0%)
Hypoglycaemia
(blood glucose <2.2mmol/l) 6 (20 %) 4(333%)°
Hyperbilirubinaemia
(> 205 pmol/1) 2(6.6%) 2(16.6%)°
Major congenital anomalies 0 (0 %) 1(83%)°

Data are given as mean t SD, prevalences as number (%).
2p <0.05,°NS

sured on two occasions up to 6 months before pregnancy, are
shown in Table 1. Thirty-four of the women were in their first
pregnancy, and eight in their second. The diagnosis of micro-
albuminuria was based on at least two consecutive laboratory
tests for albumin and creatinine in urine with albumin excretion
over 15 ug - min~* and albumin/creatinine ratio over 2 (ug/dl per
pumol/l) in the absence urinary tract infection. In the diabetic
women with normoalbuminuria metabolic control was main-
tained during pregnancy by intensified insulin therapy with
multiple insulin injections daily for 28 subjects and in two sub-
jects with insulin pumps for continuous subcutaneous insulin
infusion. In the microalbuminuric group metabolic control was
achieved by intensified insulin therapy in eight subjects and with
an external insulin pump in four subjects. None of the patients
received antihypertensive therapy during pregnancy and none
were taking drugs other than insulin. All of the women deliv-
ered at between 33 and 40 weeks of gestation; the mean gesta-
tional week of delivery was 38 in the normoalbuminuric women
and 37 in the microalbuminuric group. One stillbirth occurred in
the 40th week of gestation in a women with pre-existing micro-
albuminuria. The data concerning deliveries, fetomaternal
complications and the perinatal outcome are summarized in
Table 2. Blood samples and 24-h urine samples, which were ta-
ken in the morning, were obtained before pregnancy, at 2-week
intervals throughout the pregnancy and 12 weeks after delivery.
The 24-h urine samples were collected by the patients during a
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Table 3. Urinary protein excretion and renal function as well as metabolic control and blood pressure before, during and after preg-

nancy in diabetic women with pre-existing normoalbuminuria

Before Trimester of pregnancy After

pregnancy 1 ) 3 pregnancy
Albumin in urine (ug/min) 9.0x41 11.8+6.9 181 +125 437 £36.1° 97+42
Total protein in urine (g/day) 0.052 £ 0.046 0.098 = 0.069 0.112£0.079 0.226 £ 0.143* 0.048 £0.033
Albumin/creatinine ratio 1.07 £ 0.55 1.17 +0.61 1.92£0.99 4.84 +2.44° 1.19£0.56
Protein in serum (g/1) 72+4 68+ 4 63+3 61£3° 71+4
Serum creatinine (umol/1) 75+10 58+8 577 57+ 7° 76+8
Creatinine clearance
(ml-st-1.73m™) 1.95+£0.36 2.43+0.45 2451043 2.46+0.48° 2.01+£0.43
Fasting plasma glucose (mmol/1) 8124 6.1+23 54+15 49+1.32 73122
Glycated haemoglobin (%) 64+1.0 58+09 53+0.9 53+£0.7* 6.1+1.0
Systolic blood pressure (mm Hg) 116 £8 114+£11 115+10 119+19 115+£9
Diastolic blood pressure (mm Hg) 73+6 757 768 8111 7417

Values are given as mean + SD

2 p <0.01," p < 0.001 significantly different between pre-pregnancy and third trimester data

resting day, according to instructions provided by one of the
hospital nurses. In patients with suspected or proven urinary
tract infection the estimation of the urinary albumin content
was deferred until the culture was negative.

The following measurements were made at each visit to the
clinic: fasting plasma glucose by the glucose oxidase method,
creatinine in serum and urine as well as protein concentration in
the serum using a multichannel autoanalyser (Hitachi, Boeh-
ringer Corporation, Vienna, Austria). Glycated haemoglobin
was determined by microcolumn chromatography (Bio Rad
Laboratories, Vienna, Austria; normal range: 4.2-5.9 %) and
the total protein in the urine by the Biuret method. Urinary al-
bumin excretion was measured by immunodiffusion (VLC-
Partigen Albumintest; Behring, Vienna, Austria) as described
earlier [7, 8]. The albumin/creatinine ratio was calculated. Body
weight and blood pressure were recorded during the same visits,
always in the morning; the blood pressure was measured after at
least 15 min of rest in a supine position with a standard mercury
sphygmomanometer. The creatinine clearance was calculated
and corrected to 1.73 m® body surface. Data are given from the
visits before pregnancy, at each trimester of pregnancy (gesta-
tional week 12, 24 and on an average at week 38 in the nor-
moalbuminuric women and at week 37 in the microalbuminuric
women) and at 3 months postpartum.

Statistical analysis

Differences between groups were evaluated with the unpaired
Student’s t-test and comparisons within a group at different
time-points were carried out with the paired Student’s #test.
The statistical analysis of prevalences was performed with the
chi-square test. All of the data are expressed as means £ SD. A
two-tailed significance level with p less than 0.05 was applied.

Results

Changes in urinary protein excretion, renal function,
metabolic control and blood pressure during preg-
nancy in the diabetic women with pre-existing nor-

moalbuminuria are shown in Table 3. The mean
albumin excretion in urine increased by 385%
from 9.0+4.1pg-min! before conception to
437+ 36.1 ug - min™ at the third trimester pre-deliv-
ery (p <0.01). The mean fractional albumin excretion
(albumin/creatinine ratio) increased by 352 % during
the same period (p < 0.001). At 3 months postpartum
the mean albumin excretion rates dropped to the
values measured before conception. During preg-
nancy the creatinine clearance showed a transient
physiological rise of 26 % (p < 0.01). The mean values
of glycated haemoglobin and the systolic as well as
diastolic blood pressure were normal throughout
pregnancy.

For the diabetic women with pre-existing micro-
albuminuria the changes in urinary protein excretion,
renal function, metabolic control and blood pressure
during the same period are summarized in Table 4.
The mean albumin excretion in urine increased by
678 % from 63.2 £ 49.3 ug - min! prior to conception
t0492.3 +404.2 ug - min™ at the third trimester before
delivery (p <0.05). The albumin/creatinine ratios
showed a similar trend with a rise of 601 % during the
same period (p < 0.05). At 3 months postpartum the
urinary protein values were nearly the same as prior to
conception. The creatinine clearances increased tran-
siently by 22 % during pregnancy (p < 0.05). The mean
glycated haemoglobin was slightly elevated during the
first trimester but normal in the second and third tri-
mester. The average systolic and diastolic blood pres-
sure increased slightly but not significantly during
pregnancy. :

The individual and mean urinary albumin excretion
rates in pregnancy for both the diabetic women with
pre-existing normoalbuminuria and the women with
microalbuminuria prior to conception are shown in
Figures 1 and 2.
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Table 4. Urinary protein excretion and renal function as well as metabolic control and blood pressure before, during and after preg-

nancy in diabetic women with pre-existing microalbuminuria

Before Trimester of pregnancy After
pregnancy 1 5 3 pregnancy
Albumin in urine (pg/min) 63.21+49.3 122.9+103.4 286.1 £277.1 492.3 +404.22 82.6 £ 68.7
Total protein in urine (g/day) 0.220 £ 0.161 0.411 £0.236 0.871£0.719 2.069 + 1.988¢ 0.284 £0.199
Albumin/creatinine ratio 9.28 £8.13 13.61 £10.21 33.49 £22.89 65.03 £ 55.802 10.78 £ 8.44
Protein in serum (g/1) 70+4 65+7 6316 5952 705
Serum creatinine (umol/1) 77+8 64+£9 60+ 11 61+ 14° 77+8
Creatinine clearance
(ml-s?-1.73m?) 1.95+0.28 2.48 £0.38 2.37+£043 2.38+048* 1.93+£0.31
Fasting plasma glucose (mmol/l) 94+£26 6.1+14 56x1.9 55+1.3° 73+18
Glycated haemoglobin (%) 72110 6.2+0.8 52x0.6 52£05° 6.2+0.9
Systolic blood pressure (mm Hg) 118+£8 118+9 119+ 9 128 £19 119+ 8
Diastolic blood pressure (mm Hg) 79+£6 79+7 78+ 6 85+12 79+7
Values are shown as mean + SD
2p <0.05,%p <0.01,°p <0.001 vs data before pregnancy
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Fig.1. Urinary albumin excretion before, during and after 100
pregnancy in diabetic women with pre-existing normoalbumin-
uria. (-) median 0 . 8
Before 1 2 3 postpartum

The differences between the two groups of women
were significant with respect to urinary albumin ex-
cretion at each visit before conception, during each
trimester and at 3 months after delivery (p < 0.0005).
The actual values of the albumin excretion rates in-
creased from the time prior to conception until pre-
delivery by 34.7 +33.5 ug - min™ in the normoalbu-
minuric women and by 429.1 + 412.6 ug - min™ in the
microalbuminuric women; this was an 11.3-fold
greater increment in the latter group (p < 0.0005).
Four of the microalbuminuric women showed an ex-
cessive increase in proteinuria with transient ne-

pregnancy Trimester of pregnancy

Fig.2. Urinary albumin excretion before, during and after
pregnancy in diabetic women with pre-existing micro-
albuminuria. () median. The four women with transient ne-
phrotic syndrome (®) showed also the highest albumin excre-
tion rates during pregnancy

phrotic syndrome during the third trimester. But also
in the other eight microalbuminuric women the actual
values of the albumin excretion rates increased by
85.2+101.8ug - min™! from the time before preg-
nancy until pre-delivery; this was a 2.4-fold greater
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increment than in the normoalbuminuric women
(p <0.05).

The mean gestational week of delivery was nearly
the same in both patient groups, but the Caesarian
section rate was higher (66.6 % vs 46.6 %) in the mi-
croalbuminuric women (NS). The mean birth weight
was 3277 gin the women with preexisting normoalbu-
minuria in comparison to 3083 g in the micro-
albuminuric group. Two babies of the women with
microalbuminuria showed intrauterine growth re-
tardation. Two women of each group developed
eclampsia with elevated diastolic blood pressure
(>90 mmHg), oedema and macroproteinuria. A
transient nephrotic syndrome could only be observed
at the third trimester in four of the women with pre-
existing microalbuminuria, but in none of the nor-
moalbuminuric women (p < 0.05).

In the women with transient nephrotic syndrome
during pregnancy the mean urinary albumin excretion
increased by 1084 % from 103.4 + 51.3 ug - min™ prior
to conception to 1220.1 £ 678.4 ug - min™* pre-deliv-
ery. Total protein in urine increased by 1049 % from
0.393 £0.097 g/day to 4.515+1.515 g/day during the
same period. Three of the four women showed higher
initial albumin excretion rates of more than
70 ug - min~! (Fig.2). The percent increase in the mean
creatinine clearance was 10 % during pregnancy (from
1.82+021 to 2.01+031ml-s?t-1.73m™>). Three
months after delivery the mean urinary protein ex-
cretion rates almost decreased to the values prior to
conception. Mean glycated haemoglobin levels were
slightly elevated at the first trimester but normal
throughout the second and third trimester. The ne-
phrotic women showed significantly higher systolic
blood pressures at the third trimester compared to
the the pre-pregnancy values (133+9mmHg vs
123 £+ 4 mmHg).

Discussion

During normal pregnancy, glomerular filtration rate
and effective renal plasma flow can rise 50-80 % above
non-pregnant levels, and a concomitant increase in the
total proteinuria up to 0.3 g/day appears to be common
[9]. Lopez-Espinoza et al. [10] and Gero et al. [11] also
described a significant rise in the urinary albumin ex-
cretion in normal pregnant women, which peaked
within 1 week before delivery; but the increase in al-
buminuria during pregnancy in healthy women is low-
er than in diabetic women. McCance et al. [6] found in
IDDM women with normoalbuminuria at the time of
conception a progressive increase in the urinary albu-
min excretion during the third trimester in comparison
to a group of non-diabetic pregnant women.

In our diabetic women with microalbuminuria
prior to conception the urinary albumin excretion in-
creased proportionally to a significant 1.8-fold greater

extent during pregnancy when compared to the dia-
betic women with pre-existing normoalbuminuria.
The albumin/creatinine ratios showed almost iden-
tical trends. The difference between the actual in-
crease in the albumin excretion rates in both groups —
the patients with and without microalbuminuria — was
highly significant (p <0.0005). Four of the micro-
albuminuric women developed transient nephrotic
syndrome during the third trimester; but also in the
other eight microalbuminuric women without ne-
phrotic syndrome the increase in the actual values of
the albumin excretion rates during pregnancy was sig-
nificantly higher than in the normoalbuminuric wo-
men (p <0.05). Three of the four women with ne-
phrotic syndrome showed higher initial albumin ex-
cretion rates of more than 70 pg - min™ in contrast to
only one of the other microalbuminuric patients.
Three months after delivery the protein excretion
rates and the albumin/creatinine ratios were nearly
the same as prior to conception in all cases. There was
a similar physiological rise in the creatinine clearance
during pregnancy in the patient groups with and with-
out microalbuminuria (22 vs 26 %). Thus, the higher
increment in albumin excretion in the pregnant wo-
men with pre-existing microalbuminuria cannot be
explained by a higher increase in the glomerular fil-
tration rate.

In the literature the development of the nephrotic
syndrome has been usually described in pregnant dia-
betic women, but most of them had shown macro-
proteinuria even prior to conception [12-15]. Among
our diabetic women four with preexisting micro-
albuminuria developed a transient nephrotic syn-
drome during the third trimester, but this occurred in
none of the women with normoalbuminuria. Two pa-
tients developed eclampsia before delivery. The mean
creatinine clearance of the four women with nephrotic
syndrome increased by only 10 % during pregnancy. In
normal pregnancy the elevated glomerular filtration
rate leads to an increased renal plasma flow but not to
changes in the intraglomerular pressure [16]. In our
diabetic women with nephrotic syndrome the systolic
blood pressure was significantly higher in the third
trimester; it can be assumed that an elevation of the
glomerular pressure could be in part responsible for
the greater increase in the proteinuria.

In conclusion, diabetic women with pre-existing
microalbuminuria show a significantly higher increase
in urinary albumin excretion during pregnancy than
pregnant women with normoalbuminuria prior to
conception. This exaggeration of the albumin excre-
tion cannot be explained by greater increase in hy-
perfiltration during pregnancy. In all cases the ele-
vated albumin excretion rates return to the values
prior to conception. In addition, microalbuminuric
diabetic women show a higher risk for the develop-
ment of a transient nephrotic syndrome during the
third trimester.
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