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Abstract
Background. Pregnancy in CKD is an increasing chal-
lenge, considering also the paucity of therapeutic tools
available in pregnant women. While theoretically interest-
ing, the experience with low protein diets in pregnancy is
limited. Aim of this feasibility study is to review our ex-
perience with supplemented vegetarian low protein diets in
pregnancy, as a “rescue treatment” for severe CKD and/or
proteinuria.
Methods. Data were gathered prospectively. Diet schema:
proteins: 0.6-0.7 g/Kg/day, amino and chetoacid supple-
mentation, 1-3 free meals/week. Compliance, side effects,
biochemical data recorded at each visit (at least twice
monthly).
Results. Between January 2000 and February 2010, out of
168 pregnancies referred, 12 were managed by the diet (11
patients; median age 33, range 20-38). One pregnancy was
terminated (patient’s choice); the other 10 patients delivered
11 healthy babies. At referral, 2 patientswere in stage 4CKD,
4 in stage 3, 4 had nephrotic proteinuria (3.6-6.3 g/day).
One patient doubled serum creatinine; none needed renal
replacement therapy within 6 months from delivery. No
patient complained of side effects, nor developed hyperka-
lemia or hypercalcaemia. Two babies from mothers in CKD
stage 4 were small for gestational age; 9/11 were delivered
by caesarean section (median gestational age 33 weeks:
range 28-37; birth weight 935-2620 g) within a policy of
delivery in the presence of foetal growth impairment and/
or worsening of proteinuria, GFR, hypertension or foetal
conditions. All babies are well, 1 month, 7.5 years from
delivery.
Conclusion. Our report suggests considering vegetarian
diets as an additional tool in the management of pregnant
CKD patients.

Keywords: CKD; low-protein diet; pregnancy; supplemented diets;
vegetarian

Introduction

Pregnancy is a well-known challenge in patients affected
by chronic kidney disease (CKD) [1–3].

Pregnant CKD patients have a higher risk of developing
pregnancy-induced hypertension and pre-eclampsia. Auto-
immune diseases may experience severe flare-ups in preg-
nancy and puerperium [1–5]. Children born to CKD
mothers have a higher risk of being small for gestational
age (SGA) or premature [1–6]. The medical literature is
heterogeneous and often hard to compare, but the risks
of neonatal and perinatal death, and of long-term sequelae
of prematurity, are believed to increase in parallel to the
worsening of CKD [6–9]. In addition to the short-term
challenges of CKD for the mother and offspring, the
long-term effects of hyperfiltration on the progression of
kidney disease are not yet clear [6–10].

Low-protein diets are important tools to slow CKD
progression, at least in selected patients. Even if the
quantification of their effects on the progression of renal
failure is still a matter of debate, their positive effects on
metabolic disorders and their clinical consequences have
been more clearly established [11–14]. Vegetarian diets
supplemented with amino acids and keto-acids are con-
sidered equal or superior to conventional low-protein
diets, after adjustment for compliance and for a different
selection of patients who choose such a demanding diet-
ary regimen [15–18].

The main goal of low-protein diets is to reduce hyper-
filtration, consequently slowing the progression of CKD.
Therefore, as pregnancy induces hyperfiltration, low-
protein diets can theoretically play an important role in
pregnant CKD patients [6–10]. However, it is feared that
low-protein diets represent a materno-fetal conflict, as a
high protein intake is often counselled in pregnancy.
Nevertheless, the ideal protein intake in pregnancy has
not yet been assessed [19–21]. The present trend in
the overall population of pregnant women is to avoid ex-

© The Author 2010. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved.
For Permissions, please e-mail: journals.permissions@oxfordjournals.org

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/article/26/1/196/1833507 by guest on 23 April 2024



cessive protein intake, counterbalancing the older ‘cul-
tural’ habit of high-protein diets. Dietary protein supple-
ments were often employed in previous decades
following cultural and marketing pressures rather than
evidence-based criteria [22,23]. Thus, there is a wide ex-
perience of protein supplements in pregnancy, and no re-
port on their toxic or teratogenic effects was available at
the time of our study.

In contrast, little is known about low-protein diets in
pregnant women with CKD. At the time of the present
study, no study on vegetarian diets supplemented with ami-
no acids and keto-analogues in pregnancy was retrieved
from the Medline database.

The aim of our study was to report on the feasibility of
the diet and on results obtained in a series of 12 pregnan-
cies in 11 patients affected by severe kidney impairment
and/or nephrotic proteinuria, managed, as a ‘rescue treat-
ment’, with an original regimen of supplemented low-
protein vegetarian diets.

Our diet is derived from an empirical compromise be-
tween the goal of reducing hyperfiltration and the ac-
knowledgement of the increased metabolic needs of
pregnancy. Thus, we chose an average 0.7 g/kg/day of
protein and increased the supplementation throughout
pregnancy. This choice was balanced against two major
concerns: the use of low-protein diets and the use of
dietary supplements.

Our report on 12 pregnancies in 11 CKD women man-
aged with this diet schema is, to our knowledge, the first
one on supplemented low-protein diets in pregnant CKD
patients.

Materials and methods

Definitions employed

CKD was defined according to the Kidney Disease Outcomes Quality
Initiative (K-DOQI) guidelines [24]. The baseline serum creatinine and
proteinuria were available in nine of 12 cases. Throughout pregnancy,
glomerular filtration rate (GFR) and proteinuria were assessed by 24-h
urine collections.

Hypertension was defined as systolic blood pressure ≥140 mmHg and/
or diastolic blood pressure ≥90 mmHg, or anti-hypertensive therapy. A
newborn was defined as SGA when the birth weight was below the
10th centile according to Italian birth weight references [25]. Intrauterine
growth restriction (IUGR) was defined as fetal growth impairment, based
on a flattening of the fetal growth curve or on an abdominal curve below
the 10th centile assessed by repeated ultrasound exams with umbilical
Doppler anomalies [25]. Pre-term delivery was defined as delivery before
37 completed weeks of gestational age [26].

Apgar scores were routinely recorded at 1 and 5 min by the neonatolo-
gists (according to the classic 0–10 score, for evaluating newborn vitality,
taking into account skin colour, pulse rate, tendon reflex, muscle tone and
breathing).

Information on the babies was obtained either at the last clinical con-
trols or in phone interviews.

Study setting and control policy

The studywas performed in theMaterno-FoetalMedicineUnit of Sant’Anna
University Hospital, Turin, Italy. From 2000, all patients with CKD were
followed by the same obstetric and nephrological team. Data were gathered
prospectively from the start of the activity. In the period 1 January 2000–28
February 2010, 168 pregnancies in CKD patients were referred. In keeping
with the wide referral criteria, all CKD stages and all renal diseases were
represented [27].

The frequency of nephrological and obstetric visits was individualized
(range in the outpatients on the diet: weekly to twice monthly). Patients
hospitalized in the obstetrics ward were controlled by the nephrologist at
least once weekly. Hospitalization was required in the presence of poorly
controlled hypertension or new onset hypertension, worsening of renal
function, new onset or worsening of proteinuria, upper urinary tract infec-
tion and any intercurrent problem (including abnormal fetal growth and
severely abnormal umbilical Doppler).

At each consultation, blood pressure was measured and weight was
recorded; fetal well-being was assessed by ultrasound and growth was
controlled by serial measurements of symphysis–fundal height. Controls
of ultrasound biometry and Doppler velocimetry of uterine and umbilical
arteries were individualized (biometry every 2–3 weeks in the case of fetal
growth restriction with Doppler assessment two to four times weekly in
the case of Doppler anomalies).

All patients were instructed to measure blood pressure at home and
immediately report any problems referred early to the unit. Twenty-
four-hour blood pressure measurement was employed in the case of dis-
crepancies between consultations and diary, or to assess nocturnal
dipping.

Besides the routine controls of pregnancy (viral data, toxoplasma ser-
ology, etc.), all patients underwent, at least, a monthly determination of
renal function and proteinuria, uric acid, urinalysis and urinary culture,
serum electrolytes, coagulation parameters and blood cell counts. Other
laboratory data were required on demand.

The therapeutic blood pressure goal was ≤130/80 mmHg. Drugs of
choice were nifedipine or α-methyldopa, the latter preferred in case of
intense proteinuria or peripheral edema. Beta blockers or doxazosine were
employed in the case of insufficient response or severe side effects with the
above drugs.

In every case, the aim was to delay delivery as much as possible
until 34–36 weeks. Indications for early delivery were severe worsening
of maternal and/or fetal conditions up to 32 weeks of gestational age,
or less severe worsening after 32 weeks. Caesarean section was per-
formed for fetal indications, before or during labour, or in cases of
unfavourable conditions for induction (including prematurity) or lack of
response to induction.

Indication for the diet and dietary regimen

The main indications for the low-protein vegetarian diets were pregnancy
in patients already on a supplemented vegetarian diet, severe CKD, se-
vere proteinuria or a combination of the abovementioned data, particu-
larly in patients early referred to the Unit, as we felt that the effect of the
diet was minor in cases of late referral. The diet was thus proposed only
to patients meeting the following criteria: early referral (before the 20th
week of gestation), severe proteinuria at referral, CKD stage 3–5 or both.
Severe proteinuria was initially defined as nephrotic proteinuria at refer-
ral (2000–2006). However, over time the definition widened, presently
including proteinuria >1 g/day at referral. Exclusion criteria were the
presence of a socio-cultural or a language barrier that would have severe-
ly affected the possibility of a correct management of the diet, psychi-
atric problems affecting compliance and clinical history of anorexia or
bulimia. These criteria are somehow questionable, as they reflect the
caregivers’ opinions, but we felt that, at least until better understanding
of the diet was attained, adding the diet to a complex regimen of controls
could negatively affect compliance to ‘life saving’ therapies in women
with baseline compliance problems. In one case, only the diet was not
proposed because of the presence of a dietary regimen with ‘aproteic’
foods, prescribed in a different setting and followed with optimal com-
pliance (IgA nephropathy, CKD stage 3, proteinuria 0.5 g/day at start of
pregnancy).

Thus, >168 pregnancies were referred in the context of a referral pol-
icy of early CKD stages in pregnancy; a further 15 cases would have met
the present clinical selection criteria (early referred stages 3–4 CKD; se-
vere proteinuria). Two patients spontaneously terminated pregnancy (early
abortions) while being evaluated. Besides the patient already on a differ-
ent protein-restricted diet, the reasons for not proposing the diet were psy-
chiatric problems or previous anorexia in three cases, language and
logistic barriers in six pregnancies in four patients (in one of them three
pregnancies were observed, two of which terminated, one for maternal and
one for fetal reasons). The three remaining cases were observed in the
first period of study and were not included on account of subnephrotic
proteinuria. One further patient, not included in the present series, which
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takes into account only patients who delivered, is presently on the diet
(28th week of gestation).

Within these selection criteria, all the patients who were offered this
option initially tried and subsequently followed the vegetarian supplemen-
ted diet throughout pregnancy.

The low-protein diet consisted in an adaptation of the usual low-protein
vegetarian diet employed in our centre (protein: 0.6 g/kg/day, on ideal
weight, supplemented with the commercial keto-analogues: ketosteril one
pill/10 kg body weight, one to two free meals/week).

In an empirical attempt to balance the advantages of low-protein diets
in CKD and the habit of increasing protein intake in pregnancy, we ad-
justed the diet to 0.6–0.7 g/kg/day of protein, based on pre-conception
weight, increasing the supplementation with keto-analogues to one pill/
8 kg body weight in the first and second trimester, and one pill/5 kg
body weight in the third trimester. According to the functional status,
and to patients’ needs and preferences, one to three free meals were al-
lowed per week. Iron, B12 or calcium supplements were employed on the
basis of the biochemical results. Erythropoietin was used when needed,
with a haemoglobin target of 10–11 g/dL, on account of the haemodilu-
tion of pregnancy.

In the absence of reports on the specific mixture of keto-acids and
amino acids in pregnancy, efforts were made to control for risks linked
to the protein content and to the additives. At the time of the study, no
report on those issues had been found or made available by the company.

Informed consent was obtained: patients were instructed that no previ-
ous data on the supplemented diet during pregnancy were available, and
they were extensively counselled on the limits and goals of the diet, and
on the importance of the timely reporting of any side effect.

Compliance was evaluated by the nephrologist and by the dieticians by
means of dietary recall, since the commonly employed Mitch formula,
based on urinary urea, is not validated in pregnancy due to the anabolic
nature of this condition. Compliance to keto-acids was indirectly re-
corded: the patients received the dietary supplements on occasion of the
clinical controls and at such times they were asked about their needs, and
the number of pills consumed was thus indirectly calculated.

Before pregnancy, caloric intake was calculated as 30–35 kcal/kg
‘ideal’ body weight, according to the type of physical activity (working
or sport). In pregnancy, the patients were evaluated by the dietician of the
Materno-Foetal Unit, and efforts were made to maintain an adequate cal-
oric intake. The formulae used by the dieticians of the unit are based on
the calculation of the basal metabolism, plus 100–300 kcal/day, since the
12–14th week of pregnancy, according to physical activity (reduced in the
case of prolonged bed rest) [28]. However, as the diet is very demanding,
efforts were made not to further ask the patients to weigh the food at
every meal, and the indications on the quantities were defined as baseline
and adjusted in periodic controls according to the weight gain/loss, the
presence of edema and the patient’s recall.

Results

Baseline data

The main baseline data on the 12 pregnancies are reported
in Table 1. The patients treated with the diet account for
about 7% of all pregnancies recorded in the CKD popu-
lation followed in our multidisciplinary outpatient unit
(12/168 referred in February 2010).

In two cases on a supplemented diet before pregnancy,
the baseline diet was continued, increasing the supplement
dose, throughout pregnancy (second pregnancy in Patient
2 and Patient 6; Table 1). In the other cases, the diet was
prescribed as a ‘rescue treatment’ in very high-risk preg-
nancies: of note, two patients (Cases 7 and 10) had been
counselled to terminate their pregnancies in other settings.
The main indication for the diet was severe CKD (stages
3–4 in five patients) and/or severe proteinuria. Proteinuria
was considered as severe when it was at least 1 g/day at the
start of pregnancy. This was present in nine cases in this

series, and in four a full-blown nephrotic syndrome was
present. In five patients, both severe proteinuria and severe
CKD co-existed (Table 1). Of note, pregnancy had been
strongly discouraged in different settings in several patients
(Cases 1, 4 and 10), and Patient 7 terminated a previous
pregnancy following the advice of her previous caregivers
who considered her situation non-compatible with mater-
no-fetal favourable outcomes.

Pre-conception data were available in nine cases. While
a trend towards an increase in GFR and a decrease in
serum creatinine was observed in most cases, only two pa-
tients (Cases 7 and 9) were reclassified at the first control
in pregnancy (from stage 3 to stage 2). The low BMI and
body weight in our population, according to the northern
Italian standards, account for the relatively low creatinine
levels [27].

Pregnancy outcomes and follow-up: the mother

In the setting of a strict control policy, no side effects of
the diet or of the supplements were reported. Abdominal
discomfort, due to pregnancy-associated nausea, was fre-
quent during the first 12–14 weeks, but the patients who
had started the diet early referred no change during the
free meals.

According to dietary recall, all patients followed the diet
with good to very good compliance. One patient, the sec-
ond pregnancy of Patient 2, was left free to alternate the
supplemented diet with a free diet, on the account of anor-
exia and frequent vomiting, in the setting of stable kidney
function.

One patient chose to terminate her pregnancy on account
of clinical (nephrotic syndrome) and logistical problems
(need for long hospitalization, far from home, language bar-
rier). She underwent a renal biopsy after pregnancy termin-
ation, with a diagnosis of membranous nephropathy.

The diet was continued up to delivery in the other 11
pregnancies.

Two patients were affected by systemic lupus erythe-
matosus (Cases 4 and 10). In both cases, the diet was under-
taken in the attempt to control proteinuria, already elevated
at baseline. The first patient experienced a cutaneous and
articular flare-up around the 30th week of pregnancy, lead-
ing to increased steroid therapy and to anticipate delivery
at the 32nd week. Patient 10 started pregnancy in a
nephrotic flare, which was linked to self-discontinuation
of steroid therapy. At referral in our centre, she was trea-
ted with bolus steroids, and azathioprine was started,
slowly tapering steroids (25–7.5 mg from referral to deli-
very). Proteinuria decreased in the first trimester and sta-
bilized thereafter. No clinical or biochemical flare-up was
observed.

Three patients were affected by diabetic nephropathy
(Patient 1; two pregnancies in Patient 2; Patient 7). In all
cases, the metabolic control during pregnancy was very
good, with glycated haemoglobin stable (<7%) in all.
However, it is difficult to disentangle the effect of the diet
from the effect of a very strict glycaemic control, as all pa-
tients were shifted to microinfusion pumps and clinical
controls were intensified.
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Only one case (Case 7) doubled serum creatinine during
pregnancy; her data are reported in Figure 1. In spite of the
presence of a sharp increase in proteinuria and a progres-
sive decrease in GFR, with slow increase in serum creatin-
ine, the growth curve of her baby was regular (abdominal
curve is shown in the figure). The decision to perform the
caesarean section at the 28th week of gestation was on ac-
count of the worsening of maternal data.

Overall, a stage shift was observed in three cases: Cases 7
and 2 (Figures 1 and 2), and in Case 9, considering the data
at the end of pregnancy. Considering the data 3 months after
delivery, two cases improved their renal function as com-
pared with delivery (Cases 7 and 9), while one case shifted
to a subsequent CKD stage (Case 3, Figure 3). Excluding
the patient who was later diagnosed with membranous ne-
phropathy (Case 8), the trend at 3 months was towards a de-
crease in proteinuria, at baseline levels (Table 2).

Overall, serum albumin increased at 3 months after de-
livery in spite of the fact that four cases, two with severe

CKD and two with nephrotic syndrome, breast-fed their
babies for at least 3 months. The rise in serum albumin
was observed in the women who continued the diet as well
as in those who discontinued it.

The diet was discontinued after delivery in six cases
(Cases 4, 5, 8, 9, 10 and 11). In four of them, the pri-
mary goal had been the control of proteinuria. In two
cases, both kidney transplant recipients, the usual dietary
regimen with ∼1 g/kg/day of protein was resumed after
delivery.

Pregnancy outcomes and follow-up: the babies

The main data at delivery and the outcome of the offspring
are reported in Table 3.

Only two babies, whose mothers had the most severe
kidney function impairment (Cases 4 and 6), were classi-
fied as SGA at birth (Table 3). The first case (Case 3) had
developed IUGR (Figure 3) with the flattening of the
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growth curve along with abnormal umbilical Doppler. The
second case (Case 6) had a growth curve at the 10th centile
with occasional pathologic umbilical Doppler. The mother
was of very small frame (pre-conception BMI: 19, weight
46 kg, height 157 cm), suggesting a constitutionally small
but otherwise normal baby (Figure 4). Interestingly, a pre-
vious pregnancy, followed in another nephrology setting,
and managed with a free diet, resulted in caesarean section
at the 30th week of a female baby also classified as SGA
(5–10th centile).

In 9/11 babies, the delivery was by caesarean section,
10/11 were delivered pre-term (median week of delivery:
32 weeks; range 28–37 weeks) and 8/11 needed at least
a few days of support in the neonatal intensive care unit
(NICU) (Tables 2 and 3).

At the time of the present analysis (March 2010), all the
babies are well, with normal development, at 1 month–
7.5 years from delivery.

Discussion

The present study stems from the combination of two hot
topics in nephrology: the limits and advantages of low-
protein diets [11–18] and the challenges of pregnancy in
CKD patients [1–9]. The latter problem will probably in-
crease because of the combination of higher prevalence
and diagnosis of CKD, increasing childbearing age,
and a more open attitude towards high-risk pregnancies
[1–9,28,30]. In spite of the vast literature on these emerging
aspects of renal care, there is an almost complete lack of
studies on low-protein diets in pregnant CKD women.

The potential of the diet in pregnancy is of great interest
both to avoid the long-term tapering off of residual renal
function and as a ‘rescue treatment’ in the management of
very complex patients who desperately want to have a baby.
Thus, in the present study, we analyse a first cohort of preg-
nant CKD patients managed with an adapted regimen of

supplemented low-protein diet. The subset of patients repre-
sents a negative selection from the population referred to
our tertiary Materno-Foetal Unit (∼7% of pregnancies in
CKD: six patients were in CKD stage 3–4 and four had a
nephrotic syndrome) [27]. For some of the patients, the
pregnancy under study was the ‘last chance’ before dialysis
or transplantation. Pregnancy had been strongly discou-
raged in many patients, and one had interrupted a previous
pregnancy, considered as non-compatible with favourable
outcome, in a different setting (Table 1).

The analysis of the renal function and of nutritional data
in pregnancy is an unmet challenge [6–10,30]. In fact,
serum albumin, total protein and haemoglobin physiolo-
gically decrease in pregnancy [6]. Even in the absence of
overt oedema, ‘dry’ weight gain is difficult to assess, as
pregnancy is a situation of expanded volumes [6–10].
Urinary urea is not a reliable marker of protein intake in
an anabolic condition such as pregnancy. Proteinuria tends
to increase throughout pregnancy, particularly in patients
who are already proteinuric, while serum creatinine should
maintain a decreasing trend, at least in the first trimester,
due to absolute or relative hyperfiltration [6–10].

Therefore, our feasibility study was limited to clinical
observations and was focused on three issues: the pres-
ence/absence of side effects of the diet or of the supple-
ments, the outcome of the mother and child, and the fetal
growth pattern. Since it is impossible to disentangle the
effects of the diet from those of other therapeutic tools,
complex multiple therapies and strict follow-up, including
long hospitalization periods with frequent monitoring and
bed rest, the context sensitivity of our study should also
be underlined.

None of the patients reported any side effect of the
diet or of the supplements, including abdominal discom-
fort. The monotony of the dietary regimen was the main
(albeit usually minor) complaint, particularly during the
long hospitalization periods (Table 2). One patient re-
ported anorexia during her second pregnancy (both on
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the vegetarian diet); for this reason, she was left free to
alternate vegetarian and free diets. She did not report any
specific difference in her eating pattern with the two re-
gimens. No patient developed hyperkalaemia or hypercal-
caemia. Indeed, the increased calcium need in pregnancy
may have a protective role on this supplement side effect
in pregnancy.

Compliance was very good in all patients, as assessed
by periodic dietary recall and shown by the low blood urea
nitrogen (BUN) levels, considered as a surrogate indicator
of dietary protein intake in pregnancy, in the absence of
reliable formulae (Table 2). However, the control schedule
was very tight, with an average of three controls per month
and very long periods of hospitalization in all patients
(Table 2). It should also be mentioned that this very de-
manding diet was not proposed if a compliance problem
was anticipated, and the present cohort is the result of
the balance between a clinical (negative) and attitudinal
(positive) balance. The promising results obtained will
probably lead to further widening of our enrolment criteria
in the future.

Regarding the renal function data, only one patient
doubled serum creatinine and sharply increased proteinuria
(Figure 1, Case 7). Interestingly, her renal function im-
proved after delivery, an unusual pattern in contrast to
the usual increase in serum creatinine after interruption
of the hyperfiltration stimulus represented by pregnancy
[6–10] (Table 2). Two further patients shifted by one
CKD stage (Cases 2 and 9). Patients 2 and 7 were diabetic
and Patient 9 was a renal graft recipient, thus underlying
the importance of a further hyperfiltration challenge in
these patients.

No patient started dialysis during pregnancy or within
the first year thereafter, nor developed complications of
the nephrotic syndrome or of delivery; indeed, in spite of
long hospitalizations during pregnancy, all patients were
discharged according to our usual policy (Table 2).

The data are in line with those observed with our overall
population of CKD patients [27] and with the literature
data [1–6]. While our data do not allow the demonstration
of a favourable effect of the diet, at least they suggest that a
negative effect on the mother is unlikely. In this regard, our
data may confirm the previous observation of no differ-
ences in the outcomes of babies born from vegetarian ver-
sus non-vegetarian mothers [31].

The low albumin levels at delivery are presumably both
an effect of physiological haemodilution and of renal losses.
After pregnancy, the trend was towards an increase in serum
albumin and decrease in proteinuria, with the exception of
Patient 8, whose proteinuria displayed wide variations, in
keeping with her bioptic diagnosis of membranous nephro-
pathy. Interestingly, albumin levels increased similarly in
the cases that discontinued or continued the diet, thus sug-
gesting that the low levels are pregnancy related and not
diet related (Table 2).

Babies born from CKD mothers are often reported to be
SGA and/or affected by IUGR [1–9,27,36]. In this rela-
tively small series, 9/11 babies displayed a normal growth
(Figures 1–4; Table 3). Taking into account the literature
data, showing an overall incidence of SGA and IUGR in
the range of 20–40% of the babies born, our data supportT

ab
le

3.
O
ut
co
m
e
of

th
e
ba
bi
es

in
Fe
br
ua
ry

20
10

C
as
e

G
es
ta
tio

na
l
ag
e
at

de
liv

er
y
(w

ee
ks
)

Ty
pe

of
de
liv

er
y

M
ai
n
re
as
on
s
fo
r
de
liv

er
y

S
ex

W
ei
gh

t
(g
)

C
en
til
e

A
pg

ar
sc
or
e

(1
m
in
,
5
m
in
)

N
ee
d
fo
r
N
IC
U

H
os
pi
ta
liz
at
io
n

(d
ay
s)

Fo
llo

w
-u
p
of

th
e
ba
by

1
31

V
ag
in
al

S
po

nt
an
eo
us

la
bo
ur

M
15

90
10

–5
0

7–
8

Y
es

24
7.
5
ye
ar
s

2 (2
pr
eg
.)

33
C
ae
sa
re
an

N
o
re
sp
on

se
to

in
du

ct
io
n

(i
nc
re
as
in
g
B
P
)

F
19

80
10

–5
0

9–
9

Y
es

15
4.
5
ye
ar
s

31
C
ae
sa
re
an

S
po
nt
an
eo
us

la
bo
ur
;
ca
es
ar
ea
n

fo
r
re
tin

op
at
hy

M
19

70
50

–9
0

8–
8

Y
es

21
19

m
on

th
s

3
35

C
ae
sa
re
an

N
o
re
sp
on

se
to

in
du

ct
io
n
(I
U
G
R
)

F
16

85
<
5

8–
9

Y
es

15
28

m
on

th
s

4
32

C
ae
sa
re
an

S
L
E
fl
ar
e-
up

M
20
80

50
–9
0

9–
9

N
o

8
24

m
on

th
s

6
34

C
ae
sa
re
an

In
cr
ea
se

in
pr
ot
ei
nu

ri
a
an
d

pa
th
ol
og
ic

D
op

pl
er

F
14

10
<
5

8–
8

Y
es

23
9
m
on

th
s

7
28

C
ae
sa
re
an

W
or
se
ni
ng

of
m
at
er
na
l
co
nd

iti
on
s

F
93

5
10

–5
0

7–
8

Y
es

77
9
m
on

th
s

8
37

V
ag
in
al

In
du

ct
io
n
at

te
rm

M
26

20
50

–9
0

9–
9

N
o

7
5
m
on

th
s

9
34

C
ae
sa
re
an

In
cr
ea
se

in
bl
oo

d
pr
es
su
re
;

‘s
ec
ur
ity

te
rm

’
re
ac
he
d.

C
ae
sa
re
an
:
m
ot
he
r’s

ch
oi
ce

M
21

80
10

–5
0

8–
9

N
o

6
5
m
on

th
s

10
34

C
ae
sa
re
an

S
po

nt
an
eo
us

ru
pt
ur
e
of

m
em

br
an
es
,

pa
th
ol
og
ic

tr
ac
e
in

la
bo

ur
F

17
10

10
–5
0

9–
9

Y
es

15
1
m
on

th

11
33

C
ae
sa
re
an

H
yp

er
te
ns
iv
e
cr
is
is
an
d
in
cr
ea
se

in
pr
ot
ei
nu
ri
a
in

pr
ev
io
us

ca
es
ar
ea
n

F
21

15
50

–9
0

7–
8

Y
es

7
1
m
on

th

T
he

pa
tie
nt

w
ho

te
rm

in
at
ed

pr
eg
na
nc
y
(C
as
e
5)

is
no

t
re
po

rt
ed
.

Vegetarian supplemented low-protein diets for pregnant CKD patients 203

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/article/26/1/196/1833507 by guest on 23 April 2024



the fact that the diet did not have a detrimental effect on fetal
growth. In keeping with this observation, within the limits
of a relatively short follow-up, all the babies are well, devel-
oping normally, 1 month–7.5 years from delivery. All the
patterns of intrauterine growth were observed, including
normal growth pattern (Case 2), with relatively stable kid-
ney function or observed in spite of worsening of maternal
conditions (Case 7), SGA (Case 4) andwith IUGR at the last
control (Case 3). They are reported in Figures 1–4.

There is no evidence supporting the use of high-protein
diets in pregnancy, and a few studies even suggest that
they may be harmful [32]. It must be acknowledged,
however, that very low-protein regimens may have a
negative effect on kidney development and represent a
risk for future diseases [32–35]. Nevertheless, our know-
ledge on the risks of malnutrition stems from studies in
the developing world or from animal models (usually em-
ploying a protein content 50–70% lower than usual). In
both cases, protein reduction is extreme and not compar-
able with the moderate reduction prescribed in our regi-
men [32–35].

However, it has to be underlined that, in spite of these
positive data in a negatively selected population, and in
keeping with the experience of our group and of others’
in high-risk CKD patients, caesarean section was needed
in most of the cases (9/11 deliveries), and 10/11 babies
were pre-term (6/10 <34 weeks), thus underlining once
more the challenges of pregnancies in severe CKD and
severe proteinuria [1–9,27]. Even if the role of proteinuria
in CKD patients’ pregnancy is not yet clear, it may not
only represent an important risk factor for the progression
of CKD but also a confounding element due to the diffi-
cult differential diagnosis with pre-eclampsia in baseline
proteinuric disorders. Further, proteinuria may be a compli-
cating factor, considering the hypercoagulative state of
pregnancy. In this context, since ACE inhibitors and angio-

tensin receptor blockers are banned in pregnancy, low-
protein diets remain the main therapeutic option for con-
trolling proteinuria [36,37].

Our study has some strengths and several weaknesses.
It has the main strength of being the first report on a

series of high-risk pregnancies in CKD patients managed
by supplemented low-protein vegetarian diets throughout
pregnancy, and of reporting on a series of babies followed
by the same group, with regular assessment of the growth
curves.

Its several limitations are partly intrinsic (limits to the
analysis of renal function and proteinuria in CKD pregnan-
cies; lack of validated data on the nutritional assessment in
pregnancy) and partly shared by observational studies on
new approaches in the clinically and ethically complex
field of high-risk pregnancies [1–9,27].

A control group in our series is lacking, as the diet was
considered a rescue approach in complex cases, and was
systematically offered to all patients with severe CKD,
proteinuria and early referral, in which this approach
was feasible and integrated with the daily habits.
Randomization was not felt to be feasible or ethical in such
a context. Moreover, it was not possible to separate the ef-
fects of the diet from those of the other therapies, includ-
ing long-term hospitalization, very strict monitoring or bed
rest. Furthermore, the baseline conditions of the patients
were highly heterogeneous. Nevertheless, these biases are
shared by most single-centre studies on high-risk pregnan-
cies and can be partly overcome only by large multi-centre
analyses.

Our feasibility study suggests the need for further obser-
vational studies in different clinical contexts and for inter-
ventional studies in selected populations. Long-term
follow-up of the offspring is needed both in children ex-
posed to the maternal diet and in children born to CKD
mothers on different dietary regimens.
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Fig. 4. Case 6. SGA: small for gestational age baby, regularly growing on her own growth curve.
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Conclusion

Pregnancy is a great challenge for CKD patients and yet a
major determinant of the quality of life [1–9,27,34,35]. In
the absence of literature data, our report suggests that a
supplemented vegetarian diet is a safe option in pregnant
CKD patients and that it can be considered a tool to be
cautiously employed in the tailored clinical management
of these complex high-risk conditions.
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