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Abstract
Aims To evaluate fetal growth in relation to gestational weight gain in women with Type 2 diabetes.

Methods A retrospective cohort study of 142 consecutive pregnancies in 28 women of normal weight, 39 overweight
women and 75 obese women with Type 2 diabetes (pre-pregnancy BMI < 25, 25-29.9, > 30 kg/m?, respectively).
Gestational weight gain was categorized as excessive (exceeding the US Institute of Medicine recommendations) or as
non-excessive (within or below the Institute of Medicine recommendations).

Results Excessive and non-excessive gestational weight gain were seen in 61 (43%) and 81 women (57%) with a
median (range) gestational weight gain of 14.3 (9-32) vs 7.0 (—5-16) kg (P < 0.001), respectively. Infants of women
with excessive gestational weight gain were characterized by higher birth weight (3712 vs 3258 g; P = 0.001), birth
weight z-score (1.14 vs -0.01, P = 0.001) and prevalence of large-for-gestational-age infants (48 vs 20%; P < 0.001). In
normal weight, overweight and obese women with non-excessive gestational weight gain, the median weight gain in the
first half of pregnancy was 371, 114 and 81 g/week, and in the second half of pregnancy 483, 427 and 439 g/week,
respectively. In multiple linear regression analysis, gestational weight gain was associated with a higher infant birth
weight z-score independent of pre-pregnancy BMI, smoking, HbA;. and insulin dose at last visit, ethnicity and parity
[8=0.1 (95% CI 0.06-0.14), P < 0.001].

Conclusions Infant birth weight was almost 0.5 kg higher in women with Type 2 diabetes and excessive gestational

weight gain than in women with Type 2 diabetes and non-excessive weight gain.

Diabet. Med. 31, 1681-1689 (2014)

Introduction

In healthy women, excessive gestational weight gain is a risk
factor for fetal overgrowth as well as other perinatal and
maternal complications independent of maternal BMI [1,2];
therefore, the US Institute of Medicine has developed the
following gestational weight gain recommendations for
healthy women according to pre-pregnancy BMI: 11.5-
16.0 kg for women of normal weight, 7.0-11.5 kg for
overweight women and 5.0-9.0 kg for obese women [3,4]
to guide pregnant women and their caregivers. In healthy
women, excessive gestational weight gain according to
Institute of Medicine recommendations increases the risk of
large-for-gestational-age infants and macrosomia [1,5,6].
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The prevalence of large-for-gestational-age infants born to
women with Type 2 diabetes has been reported to be ~50%
[7,8]. Excessive fetal growth is largely attributed to fetal
hyperinsulinaemia induced by elevated maternal glucose
levels that cross the placenta and thus stimulate fetal growth
[9-11]. Another risk factor for large-for-gestational-age
infants of women with diabetes is maternal hypertriglyceri-
daemia, indicating that metabolic substrates other than
glucose also play a role in the pathogenesis of fetal
overgrowth [12].

Recently, we showed that a restricted total gestational
weight gain, defined as < 5 kg, in obese women with Type
2 diabetes resulted in more appropriate fetal growth [13].
The same pattern was seen in a large register study of
overweight and obese women with Type 2 diabetes, where
a gestational weight gain > 9 kg was positively associated
with an increased risk of infants with macrosomia [14]. The
impact of restricted gestational weight gain in an unselected
population of women with Type 2 diabetes is unknown.
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What’s new?

 In women with Type 2 diabetes, the impact of excessive
gestational weight gain according to the Institute of
Medicine’s guidelines on fetal outcome was evaluated.

 Infant birth weight was almost 0.5 kg higher and
neonatal morbidity more prevalent in women with
excessive compared with non-excessive weight gain.

e Total gestational weight gain was an independent
predictor of excessive fetal growth, regardless of
pre-pregnancy BMI and glycaemic control during
pregnancy.

e The observed weekly gestational weight gain in early
and late pregnancy resulting in appropriate total weight
gain is given for normal weight, overweight and obese
women, respectively.

The gestational weight gain in early pregnancy is mainly
attributable to maternal gain of adipose tissue and increased
plasma volume, while a larger part of the weight gain in late
pregnancy is attributed to increased fetal load, hypertrophy
of the uterus, amniotic fluid and oedema formation [3,15].
The weekly gestational weight gain given for the first and
second part of pregnancy may thus be a useful clinical tool in
the guidance of pregnant women with Type 2 diabetes when
striving for appropriate total gestational weight gain
[2,13,16,17]. The primary aim of the present study, there-
fore, was to evaluate fetal growth in relation to the total
gestational weight gain in all pregnant women with Type 2
diabetes, regardless of pre-pregnancy BMI. The secondary
aim was to describe the weekly gestational weight gain in
early and late pregnancy resulting in appropriate total
gestational weight gain according to the Institute of Medicine
recommendations.

We conducted a retrospective cohort study including all
women with pre-pregnancy Type 2 diabetes with referral
before 21 gestational weeks and a singleton pregnancy, who
were followed at our Centre for Pregnant Women with
Diabetes between January 2008 and February 2013. If a
woman had more than one pregnancy during the study
period (7 = 3), only the last pregnancy was included in order
to include the most recent pregnancy in this retrospective
study.Women with former bariatric surgery (z = 5), thalas-
semia minor (n = 1), thyrotoxicosis (#z = 1), Crohn’s disease
(n = 1) and women with missing information on gestational
weight gain (7 = 10) were excluded. In total, 142 women
were included, of whom 81 (57%) were Nordic white
women and the remaining women were from the Middle
East (22%), Africa (10%), Asia (8%) and other parts of the
world (3%).
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The Danish Data Protection Agency approved the proto-
col. According to Danish law, the protocol did not need an
approval from the regional ethics committee, as the study
was a retrospective register study.

Pre-pregnancy BMI was calculated using the self-reported
pre-pregnancy weight and height [18] and the women were
categorized as normal weight (BMI 18.5-24.9 kg/m?,
n = 28), overweight (25.0-29.9 kg/m?, n = 39) or obese
(> 30.0 kg/m?, # = 75). The total gestational weight gain
was calculated as the difference between the last weight
measured before delivery and the self-reported pre-pregnancy
weight. Within the three BMI classes (normal weight,
overweight and obese), total gestational weight gain was
categorized based on the Institute of Medicine recommen-
dations [3] and defined as excessive if above the Institute of
Medicine recommendations (> 16.0, > 11.5 and > 9.0 kg,
respectively). The weight gain in the non-excessive group was
defined as appropriate if within the Institute of Medicine
recommendations (11.5-16.0, 7.0-11.5 and 5.0-9.0 kg,
respectively) or as insufficient if below (Fig. 1).

The pregnancies were divided into first and second halves,
with 21 gestational weeks as the cut-off, as all women were
seen at a routine visit at that time [19]. The weekly
gestational weight gain in the first half of pregnancy was
calculated as the difference between the weights measured at
first visit and at 21 gestational weeks divided by the number
of weeks inbetween, with days precision. Similarly, the
weekly gestational weight gain in the second half of
pregnancy was calculated as the difference between the
weights measured at 21 gestational weeks and at the last visit
in pregnancy at 37 (26-39) gestational weeks divided by the
number of weeks inbetween. At least 2 weeks of observation
was required for these calculations.

At first pregnancy visit at 10 (5-20) gestational weeks, all
women had a 1-h tailored dietary consultation, during which
a low glycaemic index diet was recommended [19]. Women
with BMI < 30 kg/m?® were advised to gain 10-15 kg in
pregnancy, whereas women with BMI > 30 kg/m” were
advised to stay weight-neutral in the first half of pregnancy
and thereafter to limit their total gestational weight gain to
0-5 kg [13]. Moderate physical activity for ~30 min/day was
encouraged [13].

All women were offered consultations at our centre at least
six times during pregnancy at ~10, 14, 21, 28, 33 and 37
gestational weeks, where blood pressure and HbA;. were
measured, and a sterile urine dipstick was screened for
ketone bodies and protein [19]. If ketonuria was present,
carbohydrate intake was evaluated carefully and the women

© 2014 The Authors
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Classification of women with Type 2 diabetes according to pre-pregnancy BMI (normal, overweight and obese) and gestational weight
gain categorized according to the Institute of Medicine recommendations as excessive and non-excessive in 142 women with pre-pregnancy Type 2

diabetes.

were eventually advised to have an additional carbohydrate
intake during the evening [13]. All women were seen by a
diabetes caregiver every second week, either at our centre or
locally. Current oral antidiabetic drugs (usually metformin)
were discontinued at admission, and the women were treated
with diet alone or diet and insulin. Throughout pregnancy,
self-monitored plasma glucose measurements were recom-
mended seven times daily; before and 90 min after each main
meal and at bedtime [19]. The targets for plasma glucose
follows: 4.0-6.0 mmol/l preprandially, 4.0-
8.0 mmol/l 90 min post-prandially, and 6.0-8.0 mmol/l

were  as

before bedtime. If these goals were not obtained with diet
alone, insulin treatment was commenced with a basal-bolus
regimen or biphasic insulin aspart 30 twice daily [19].

Proteinuria was defined as > +1 on a sterile urine dipstick or
urine albumin excretion > 190 mg/24 h, which corresponds
to a proteinuria of 300 mg/24 h [20]. Pre-eclampsia was
defined as blood pressure > 140/90 mmHg accompanied by
proteinuria after 20 gestational weeks [19]. Diabetic reti-
nopathy was diagnosed with retinal photos at first pregnancy
visit [21].

Preterm delivery was defined as birth before 37 gestational
weeks [19]. Caesarean section was classified as emergency
when carried out < 8 h after clinical decision [13]. Birth
weight standard deviation score (z-score) and the prevalence
of large- and small-for-gestational-age infants (i.e. infant
birth weight >90th or < 10th centile, adjusted for sex and
gestational age [22]) were also recorded. Macrosomia was

© 2014 The Authors
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defined as an absolute infant birth weight > 4000 g. The
ponderal index was calculated as (birth weight in kg) / (birth
length in m?).

Major congenital malformations were those causing a
substantial future handicap, or those requiring surgery or
leading to death. Perinatal mortality was defined as fetal
death later than 22 gestational weeks or death within 1 week
after delivery. Jaundice was registered when phototherapy
was required, and transient tachypnoea of the newborn was
defined as a need for continuous positive airway pressure for
> 60 min [19]. Neonatal hypoglycaemia was defined as
plasma glucose < 2.5 mmol/l measured 2 h after birth [23].
Our composite endpoint of perinatal morbidity was defined
as the occurrence of at least one of the following complica-
tions: jaundice; transient tachypnea of the newborn; neonatal
hypoglycaemia; or perinatal mortality.

Continuous variables are given as median (range) values and
categorical data as number (%). Differences between two
groups were analysed using the chi-squared test, Fisher’s
exact test or the Mann—-Whitney U-test, as appropriate. A P
value < 0.05 was taken to indicate statistical significance.
The correlation between the self-reported pre-pregnancy
weight and the first measured weight in pregnancy was
performed with univariate linear regression. To control for
confounders, multiple linear regression analysis was applied
using gestational weight gain as the exposure variable and
infant birth weight z-score as the outcome variable. Gesta-
tional weight gain was entered as either total gestational
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weight gain (kg) or gestational weight gain (g/week) in the
first or second half of pregnancy. Based on theoretical
considerations, six possible confounders were included:
pre-pregnancy BMI (kg/m?); smoking (yes/no); HbA. (%)
and insulin dose (IU/kg/24-h) at last visit in pregnancy;
Nordic white ethnicity (yes/no); and nulliparity (yes/no).
Statistical analyses were performed using spss statistics
version 20 (SPSS Inc., Chicago, IL, USA).

Among 142 included women with pre-pregnancy Type 2
diabetes, 28 (20%) were normal weight, 39 (27%) over-
weight and 75 (53%) obese. Baseline maternal characteristics
are shown in Table 1. According to the Institute of Medicine
recommendations, 61 (43%) women had excessive total
gestational weight gain and 81 (57%) women had non-exces-
sive total gestational weight gain (Table 1).

HDbA . levels at first and last visit (10 and 37 gestational
weeks, respectively) in pregnancy were similar between
women with excessive and non-excessive weight gain,
whereas insulin therapy was more frequent, insulin doses

Baseline maternal characteristics in 142 pregnant women with
Type 2 diabetes according to excessive or non-excessive total
gestational weight gain

Excessive Non-excessive
weight gain weight gain P
Number of 61 (43) 81 (57)
women (%)
Median (range) 34 (20— 45) 34 (22— 44) 0.41
maternal age,
years
Nordic white 42 (69) 39 (48) 0.01
women, 7 (%)
Nulliparous, 7 (%) 25 (31) 20 (33) 0.81
Median (range) 3(0.2-9) 3(0.3-11) 0.92
duration of
diabetes, years
Smokers, 7 (%) 10 (16) 16 (20) 0.61
Median (range) 88.0 (53— 140)  77.5 (50— 156)  0.03
pre-pregnancy
weight, kg
Median (range) 32.0 (19-48)  29.7 (20-53)  0.09
pre-pregnancy
BMI, kg/m*
Diabetic 10 (16) 15 (19) 0.74
retinopathy,
n (%)
Median (range) 69 (36— 153) 74 (37-144)  0.19

gestational age
at first visit, days
Median (range)
gestational age
at last visit, days

257 (203-275) 256 (184-275) 0.66

Excessive (>16.0, >11.5 and >9.0 kg) and non-excessive (less
than excessive) gestational weight gain for normal weight,
overweight and obese women, were defined according to the
Institute of Medicine recommendations.
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were higher and pre-pregnancy BMI tended to be higher in
women with excessive weight gain compared with women
with non-excessive weight gain. The prevalence of ketonuria
was low in both groups (Table 2).

Perinatal outcomes are shown in Table 3. In women with
excessive total weight gain, the median infant birth weight
was 454 g greater (P =0.001) than the group with
non-excessive weight gain. In line with this, women with
excessive weight gain delivered more large-for-gesta-
tional-age infants (48 vs 20%; P < 0.001), while the prev-
alence of small-for-gestational-age infants was low and
similar between the groups.

Higher rates of composite perinatal morbidity (53 vs 36%;
P =0.047), and  19%;
P =0.03), and a trend towards more emergency caesarean

neonatal hypoglycaemia (34
sections (23 vs 11%; P = 0.06) were seen in women with
excessive weight gain.

Infant birth weight z-score and the prevalence of
large-for-gestational-age infants increased with increasing
gestational weight gain, regardless of maternal BMI class
(Figs 2a, b and ¢).

Total gestational weight gain was positively associated
with infant birth weight z-score after adjustment for
pre-pregnancy BMI, smoking, HbA;. and insulin dose at
last visit, ethnicity and parity [regression coefficient § = 0.1
(95% CI 0.06 to 0.14); P < 0.001], corresponding to a 0.1
increase in infant birth weight z-score for each kg increase in
total weight gain during pregnancy. The exclusion of the 21
women delivering preterm and/or developing pre-eclampsia
from the analyses did not change the associations signifi-
cantly.

The median weekly gestational weight gain for all women
gradually increased from zero in early pregnancy and
~400 g/week in the main part of pregnancy, to 600 g/week
in the last 3 weeks of pregnancy (Fig. 3).Weekly gestational
weight gain in the first and second halves of pregnancy were
both significantly positively associated with birth weight
z-score (P < 0.001) in multivariate linear regression.

The prevalence of small-for-gestational-age infants was
similar in women with insufficient, appropriate or excessive
total weight gain [20% (eight out of 41 women) vs 8% (three
out of 40 women) vs 8% (five out of 61 women),
respectively; P = 0.14).

In pregnancies resulting in appropriate total weight gain,
the material was divided according to BMI classes (normal
weight, overweight and obese). The median weight gains in
the first half of pregnancy were 371 (171-579), 114 (153-
608) and 81 (-308-439) g/week and for the last part of
pregnancy were 483 (313-673), 427 (153-608) and 439
(169-857) g/week, in the three BMI classes, respectively.

There were two cases of major congenital malformations:
one with a curved femur requiring surgery (excessive weight
gain group) and one with cardiac and renal malformations
leading to stillbirth (non-excessive weight gain group). In
addition, one perinatal death occurred in a large-for-gesta-

© 2014 The Authors
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Total gestational weight gain and glycaemic control in 142 pregnant women with Type 2 diabetes according to excessive or non-excessive

gestational weight gain

Excessive weight gain Non-excessive weight gain P
Number of women (%) 61 (43) 81 (57)
Weight changes, median (range)
Total weight gain, kg 14.3 (9-32) 7.0 (-5-16) < 0.001
Weekly weight gain, g/week 385 (245-856) 190 (-123-424) < 0.001
Weekly weight gain in first 347 (-1167-925) 108 (-632-579) < 0.001
half of pregnancy, g/week
Weekly weight gain in second 626 (124-1400) 340 (-243-857) < 0.001
half of pregnancy, g/week
HbA .
10 gestational weeks 46 (30-130) 49 (29-75) 0.95
mmol/mol
% 6.4 (4.9-13.2) 6.6 (4.8-9.0)
21 weeks 39 (27-61) 39 (27-58) 0.36
mmol/mol
% 5.7 (4.6-7.7) 5.7 (4.6-7.5)
37 weeks 42 (31-64) 41 (28— 83) 0.12
mmol/mol
% 6.0 (5.0-8.0) 5.9 (4.7-9.7)
Ketone bodies detected, 7 (%)
10 weeks 2 (3) 4 (5) 0.70
21 weeks 0 0 1.00
37 weeks 0 1(1) 1.00
Insulin treatment, 7 (%)
Before first visit (10 weeks) 21 (34) 24 (30) 0.54
After first visit (10 weeks) 55 (90) 58 (72) 0.01
37 weeks 60 (98) 72 (89) 0.04
Median (range) dose at first visit, [U/kg/24 h 0.36 (0-1.1) 0.30 (-0.15-1.48) 0.07
Median (range) dose at 37 weeks, U/kg/24 h 1.11 (0.00-2.60) 0.78 (0.00-2.81) 0.003

Excessive (>16.0, >11.5 and >9.0 kg) and non-excessive (less than excessive) gestational weight gain for normal weight, overweight and

obese women, were defined according to the Institute of Medicine recommendations.

Pregnancy outcomes in 142 pregnant women with Type 2 diabetes according to excessive or non-excessive total gestational weight gain

Excessive weight gain Non-excessive weight gain P

Number of women (%) 61 (43) 81 (57)

Pre-eclampsia, 7 (%) 4 (6.6) 2 (2.5) 0.40
Median (range) gestational age at delivery, days 265 (206- 280) 266 (184—284) 0.81
Preterm delivery, 7 (%) 8 (13) 10 (12) 0.89
Emergency caesarean section, 7 (%) 14 (23) 9 (11) 0.06
Elective caesarean section, 7 (%) 17 (28) 24 (30) 0.82
Median (range) birth weight, g 3,712 (1070- 4816) 3258 (720- 4558) 0.001
Median (range) birth weight z-score, sp 1.14 (-2.5-4.7) -0.01 (-3.5-4.5) 0.001
Large for gestational age: >90™ percentile, 7 (%) 29 (48) 16 (20) < 0.001
Small for gestational age: < 10 percentile, 7 (%) 5(8) 11 (14) 0.32
Macrosomia: birth weight >4000 g, 7 (%) 16 (26) 2 (2.5) < 0.001
Median (range) length, cm 52 (46-57) 50 (32-56) 0.262
Median (range) ponderal index, kg/m® 25.9 (20.1- 32) 25.2 (19.3- 32.4) 0.071
Composite perinatal morbidity, 7 (%) 32 (53) 29 (36) 0.047
Jaundice 7 (12) 9 (11) 0.96
Transient tachypnea of the 7 (12) 8 (10) 0.71

Newborn

Neonatal hypoglycaemia 21 (34) 15 (19) 0.03
Perinatal mortality 0 2 (3) 0.51

Excessive (>16.0, >11.5 and >9.0 kg) and non-excessive (less than excessive) gestational weight gain for normal weight, overweight and

obese women, were defined according to the Institute of Medicine recommendations.

Composite neonatal morbidity was defined as the occurrence of at least one of the following complications: jaundice, transient tachypnoea of
the newborn, neonatal hypoglycaemia or perinatal mortality.

© 2014 The Authors

Diabetic Medicine published by John Wiley & Sons Ltd on behalf of Diabetes UK.
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FIGURE 2 Infant birth weight z-score in relation to gestational weight gain in (a) women of normal weight, (b) overweight women and (c) obese women
with Type 2 diabetes. Greyareas represent large- or small-for-gestational-age infants. The best fitted linesare depicted with = 0.58,P = 0.001,B = 0.39,
P =0.012and B = 0.32, P = 0.003, respectively. Grey circles, women delivered preterm; black diamonds, women delivered at term.

tional-age infant as a result of severe shoulder dystocia
(non-excessive weight gain group).

To assess the validity of self-reported weight, the correla-
tion between maternal weight at first pregnancy visit and
self-reported pre-pregnancy weight was calculated. A strong
correlation between these two varables was seen (R = 0.99,
P < 0.001), with maternal weight at first pregnancy visit 1.4
(-6.4-10.1) kg higher than the self-reported weight.
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Discussion

The main observation of the present study was that birth
weight was almost 0.5 kg higher and neonatal morbidity was
more prevalent in infants of women with Type 2 diabetes
with a gestational weight gain exceeding the Institute of
Medicine guidelines, compared with infants of the other
women with Type 2 diabetes. In addition, total gestational

© 2014 The Authors
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FIGURE 3 Weekly gestational weight gain from first to last pregnancy
visit in 142 women with Type 2 diabetes: median and interquartile
ranges.

weight gain was an independent predictor of excessive fetal
growth regardless of pre-pregnancy BMI and glycaemic
control during pregnancy.

The present study including all BMI classes of women with
Type 2 diabetes extends the observations of our previous
study, which was restricted to obese women with Type 2
diabetes [13], showing that low gestational weight gain is
associated with a lower prevalence of large-for-gestational-age
infants in obese women with Type 2 diabetes compared with
women gaining > 5 kg. Our results are also consistent with a
large cohort study [14] including 2310 overweight and obese
women with Type 2 diabetes, which found that excessive
gestational weight gain increased the risk of large-for-gesta-
tional-age infants and caesarean delivery.

Strengths of the present study are its inclusion of all
consecutive pregnant women with Type 2 diabetes from a
geographically well-defined area, with few exclusion criteria,
and the structured collection of clinically relevant glycaemic
data and weight changes during pregnancy. Both self--
reported weight before pregnancy and measured weight at
first pregnancy visit were recorded. As is common in clinical
practice and in the Scandinavian literature [18], we chose to
use maternal self-reported weight before pregnancy as the
best estimate of weight before pregnancy. For accurate
estimation of the weekly weight gain, the actual measured
values at the same scale in the clinic were chosen for those
calculations. It was reassuring that we were able to document
a tight correlation between self-reported pre-pregnancy
weight and the weight measured at the first pregnancy visit.
Women with preterm delivery would have less time for
weight gain, and pre-eclampsia might be associated with
increased weight gain caused by oedema formation; how-
ever, excluding the small number of women delivering
preterm or developing pre-eclampsia (13%) did not have
an impact on the significant associations between gestational
weight gain and fetal overgrowth.

In the present study, infant birth weight was almost 0.5 kg
higher in women with excessive vs non-excessive weight

© 2014 The Authors
Diabetic Medicine published by John Wiley & Sons Ltd on behalf of Diabetes UK.
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gain, which is a more pronounced birth weight difference
than that which has been observed with excessive weight
gain according to the Institute of Medicine guidelines in
healthy women [24]. One explanation may be that in women
with Type 2 diabetes, excessive food intake and presence of
insulin resistance may result in higher plasma levels of
nutrients, such as glucose and lipids compared with healthy
women. These nutrients easily cross the placenta and induce
fetal hyperinsulinaemia followed by excessive growth of the
fetus with more fat accumulation in infants of mothers with
Type 2 diabetes than in infants of women without diabetes
[9-11,17].

Pre-pregnancy BMI and glycaemic control are well-known
predictors of fetal overgrowth [2,10]. In the present study,
excessive gestational weight gain was associated with a
higher infant birth weight z-score, independent of pre-preg-
nancy BMI, smoking, parity, ethnicity as well as HbA . and
insulin dose in late pregnancy.

Approximately every third woman was treated with
insulin before first pregnancy visit and many needed insulin
from early pregnancy on to achieve adequate glycaemic
control. Women with non-excessive weight gain obtained
strict glycaemic control with lower insulin doses than
women with excessive weight gain.Whether excessive dietary
intake is the driving factor for the excessive weight gain and
higher insulin requirement, or whether poor glycaemic
control leads to higher insulin requirement and thereby
higher weight gain, is a matter of debate; however, HbA .
levels in early and late pregnancy were similar in those with
excessive and those with non-excessive weight gain. Unfor-
tunately, food records were not available for the present
study. We speculate that excessive dietary intake might be
the driving factor for the excessive weight gain and higher
insulin dose.

Treatment with metformin may help reduce maternal
weight gain during pregnancy in women with Type 2 diabetes
but it does not seem to have an impact on fetal growth [25]. At
our centre, all oral antidiabetic drugs are discontinued at first
pregnancy visit because of their potentially harmful fetal
effects. A possible effect of metformin on maternal gestational
weight gain and fetal growth cannot be evaluated in this study.

The weekly gestational weight gains varied by pre-preg-
nancy BMI class in early pregnancy, but were similar after
20 weeks, regardless of BMI class. The difference in weight
gain in early pregnancy might therefore reflect less maternal
gain of adipose tissue, while the weight gain in the last part
of pregnancy might be more related to growth of the fetus,
uterus and amniotic fluid [3,15]. The weekly weight gain was
highest between 34 and 37 gestational weeks, much higher
than expected from the growth of the fetus, uterus and
amniotic fluid and might partly reflect oedema formation.
Unfortunately, we did not have any valid measure of oedema
formation in this population.

Previous studies on healthy women suggest that weight
change in the first half of pregnancy rather than later on in
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pregnancy is an important determinant of fetal growth
[26,27]. In the present study, both gestational weight gains in
the first and second half of pregnancy were positively
associated with fetal growth. The weekly weight gain
increased as pregnancy progressed in all three BMI classes
(data not shown). It therefore seems reasonable to recom-
mend a lower weekly weight gain in early compared with late
pregnancy. The division according to BMI classes (normal
weight, overweight and obese) makes the number of women
with Type 2 diabetes in each category too small for firm
recommendations of weekly weight gain; however, the data
from the present study might be useful until further studies
are available.

In the present study, a nonsignificant trend towards more
small-for-gestational-age infants was seen in women with
insufficient weight gain, but numbers were too small to make
solid conclusions. In a large cohort study on overweight and
obese women with Type 2 diabetes, a nonsignificant trend
towards a higher prevalence of small-for-gestational-age
infants in women with insufficient weight gain compared
with the remaining women was also seen [14]. In normal
weight women without diabetes, a gestational weight gain
below the Institute of Medicine recommendations is associ-
ated with infants with low birth weight ( < 2500 g) but this
is not seen in overweight and obese women [28]. More
research on the association between maternal gestational
weight gain and fetal growth is needed; however, in the
meantime, we suggest that a gestational weight gain within
the lower range of the values recommended by the Institute
of Medicine might be appropriate for women with Type 2
diabetes [13].

Changing the main focus of care from glycaemic control
only to both glycaemic control and maternal weight gain
may be the paradigm shift in care of pregnant women with
Type 2 diabetes that in the future will reduce the high
number of large-for-gestational-age infants. The Institute of
Medicine guidelines take into account the fact that women
who are already overweight or obese before pregnancy have
a higher risk of delivering large-for-gestational-age infants
and, therefore, a lower appropriate weight gain is recom-
mended for them than for women of normal weight [3].
Using the practical guidelines from the Institute of Medicine
[3], set out according to the different BMI classes, and aiming
for gestational weight gain within the lowest part of the
recommended range may be a valuable tool in the manage-
ment of women with diabetes.
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