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Abstract

Background: Pregnancy in diabetic women is at high-risk of maternal and fetal complications. Insulin which
remains the main treatment during pregnancy is not devoid of adverse effects mainly hypoglycemia and weight gain.
The objective of our study was to evaluate the efficiency and safety of insulin analogs compared to conventional
insulin in a group of pregnant women with diabetes.

Methods: A prospective longitudinal study comparing two groups of diabetic pregnant women (including type
1(T1DM) and type 2 diabetes mellitus (T2DM)): group 1 (G1) made of 43 patients on conventional insulin and group
2 (G2) made of 30 patients on analogues. Patients were enrolled at a gestational age before 12 weeks and were
followed until childbirth.

Results: At baseline, age, types of diabetes, duration of diabetes and average HbA1c at the first trimester were
similar between treatment groups. Upon study of glycemic profiles, in the third trimester, the mean group 2 fasting
plasma glucose (FPG) was lower compared to group 1(G1: 1.19 + 0.32 g/l vs. G2: 1.05 £ 0.26 g/I; p=0.06). Mean
evening pre-prandial glucose was although significantly higher in group 2 in the 15t and 2" trimesters became
comparable to that in group 1 in the 3rd quarter, indeed a significant improvement with insulin analogues was shown
(p=0.042). The rest of the glycemic profile was comparable in both groups as well as HbA1c levels throughout
pregnancy (HbA1c T3: G1: 6.7 £ 1.2 % vs. G2: 7.18 £ 1.1%; p=0.16). The episodes of nocturnal and severe
hypoglycemia were similar in both groups. Weight gain was lower in G2 than in G1 but the difference was not
significant (G1: 10.27 £ 5.46 kg versus G2: 7.69 * 5.34 kg; p=0.082).

Conclusion: Our study showed that insulin analogs were not inferior to conventional insulin to achieve glycemic

control during pregnancy.
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Introduction

Diabetes during pregnancy is accompanied by increasing needs for
maternal insulin and ongoing biological changes that cause maternal
insulin requirements to reach higher and lower extremes throughout
the day than in non-pregnant patients. As maternal hyperglycemia
increases the risk of fetal and maternal morbidity, it is essential for the
mother to maintain normoglycemia during pregnancy [1]. Given the
potential benefits of insulin analogs compared with more conventional
human insulin, many women of child-bearing age are now receiving
these analogs and would prefer to continue using them during
pregnancy. Consequently, it is very important to study the safety and
efficacy of basal insulin analogs in pregnant women with diabetes. The
primary aim of this study was to compare glycemic control as
measured by A1C each trimester and 6-point plasma glucose profiles
monthly in pregnant women with type 1 or 2 diabetes treated with
either insulin analogs or conventional insulin. This article presents data
on glycemic control, maternal hypoglycemia, and maternal safety.

Patients and Methods

This prospective, longitudinal, randomized study was conducted
between December 2014 and February 2016 in the National Institute of
Nutrition of Tunis. Eligible subjects were all pregnant women with a
viable singleton or twin gestation at gestational age <12 weeks, with
either preexisting T2DM or T1DM, in need of medical therapy, who
received care at our institution. All patients were treated with basal-
bolus insulin therapy (detemir or NPH, aspart or human insulin at the
3 main meals). This population consisted of 73 subjects enrolled
assigned in early pregnancy who accepted to participate in the study
(30 to insulin analogs and 43 to conventional insulin). The follow-up
was carried out by monthly hospitalizations, in collaboration with the
gynecologists of other hospitals in Tunis. Additional visits according to
local practice and individual needs were also given. All basal insulin
doses were titrated according to fasting or predinner capillary plasma
glucose (PG) values. Al bolus insulin doses were titrated according to
pre- and postprandial PG values. All insulin doses (both bolus and
basal) were adjusted, in accordance with recommendations of the
American Diabetes Association in 2015 [2], according to a preprandial
PG target of 60-99 mg/dL (3.3-5.4 mmol/L) and a 2-h postprandial
glucose target of 100-129 mg/dL (5.4-7.1 mmol/L). Insulin dose and
weight gain during the pregnancy period were calculated.
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Maternal safety during pregnancy reported here included major and
nocturnal hypoglycemia, deterioration of retinopathy, adverse events
(AEs). Major hypoglycemia was defined as an episode in which the
subject was unable to treat herself; minor hypoglycemia was defined as
an episode in which the subject was able to treat herself and had a PG
reading of < 3.9 mmol/l [2]. Episodes were recorded by the subjects in
their trial diaries. Subjects had deterioration of retinopathy if
fundoscopy progressed from “normal” at the first pregnancy visit
to“ abnormal” at follow-up, or from “abnormal, not clinically
significant” to “abnormal, clinically significant” at follow-up.
Fundoscopy/fundus photography was performed according to local
practice, dated, and recorded in the trial report form, and was source-
data verifiable.

The analysis of the data and the choice of the statistical tests were
carried out thanks to the collaboration of the department of preventive
medicine of the faculty of medicine of Tunis and using the software
SPSS version 19.0.

The descriptive study involved all patients recruited at the beginning
of the study. Absolute frequencies and relative frequencies
(percentages) were calculated for the qualitative variables. We
calculated averages, medians and standard deviations and determined
the extreme values for the quantitative variables. The comparative
study of the two groups according to the evolution during the
pregnancy only concerned the patients who had a follow-up until the
3" trimester and whose information concerning the course of the
delivery and the health of the newborn were collected. Comparisons of
2 means on independent series were performed using the Student t test
for independent series and in the case of low numbers by the
nonparametric Mann and Whitney test. Comparisons of 2 matched-
run averages were performed using the Student t-test for matched
series, and in the case of numbers <30 by Wilcoxon's nonparametric
matched series test. Comparisons of several (>2) averages on
independent series were carried out using the Snedecor analysis of
parametric variance analysis (ANOVA to a factor) and verified in case
of low numbers by the Kruskall-Wallis H test Analysis of non-
parametric variance. In the case of a significant difference,
comparisons 2-2 were made using the Bonferroni method. The
comparisons of percentages on independent series were made by the
Pearson chi-square test and in case of significance to the chi-square
test and non-validity of this test and comparison of 2 percentages, by
the exact test Bilateral Fisher. The comparisons of 2 percentages on
matched series were carried out by the Mac Nemar test, and in the
event of non-validity of this test, by the use of the properties of the
binomial law. The links between two quantitative variables were
studied by the Pearson correlation coefficient and in the case of non-
validity by the correlation coefficient of the ranks of Spearman. In all
cases, the threshold of statistical significance p was set at 0.05.

Results

The main subject demographics at baseline are shown in Table 1
and were similar between treatment groups. Twenty-three patients on
insulin analogs and thirty-seven patients on conventional insulin were
left for analysis; All results are reported from the per protocol analysis
(Figure 1).

[

i Allocatedto insulin analogs (n=30)

| Allocated to conventional insulin (n=43) ‘

Follow-Up

Excluded (declined to
participate) (n=1)
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Miscarriage (n=1)
Miscarriage (n=5)
Therapeuticabortion (n=1)

‘ Analyzed (n=37)

| Analyzed (n=23)

Figure 1: Trial flowchart per protocol analysis.

Group 1 Group 2 p

Age(years) 33.10+5.39 | 31.86+6.39 | 0.36
Prepregnancy body mass index (kg/m2) | 28.95 +5.44 | 26.89+7.62 | 0.19
Passive smoking (%) 45 32 0.30
Number of previous pregnancies 1-3 (%) | 67 79 0.47

0(%) | 52 41 0.14
T1DM (%) 45 55 0.40
Duration of diabetes (years) 7.02+6.74 | 7.50+6.53 | 0.82
Retinopathy TO (%) 7 15 0.38
Nephropathy TO (%) 1 9 0.51
PrepregnancyHbA1c (%) 7.83+1.73 7.62+212 0.75
Pre-conception counseling (%) 18 1 0.40

Table 1: Subject demographics.

For the primary outcome, Estimated mean FPG for those on
conventional insulin and those on insulin analogs were comparable to
the first and second trimesters of pregnancy. In the third trimester, the
mean of FPG in group 2 was lower compared to group 1 (G1: 1.19 £
0.32 g/l vs. G2: 1.05 + 0.26 g/l; p=0.06) (Figure 2). The mean FPG
variations of the two groups were similar (AFPG(T2-T1): G1: 0.17 +
0.55 g/l; G2: 0.19 + 0.7 g/l; p=0.88; AFPG(T3-T2); G1: 0.19 + 0.49 g/l;
G2: 036 + 0.57 g/l; p=0.24).Mean evening pre-prandial glucose
although significantly higher in group 2 in the 1st(G1: 1.29 + 0.66 g/1
vs. G2: 1.87 + 0.7 g/l; p=0.001) and 2" trimesters (G1: 1.25 + 0.36 g/l
vs. G2:1.57 + 0.62 g/, p=0.025) became comparable to that in group 1
in the 3rd quarter(GI: 1.27 + 0.42 g/l vs. G2: 1.35 + 0.52 g/l; p=0.55)
indeed a significant improvement with insulin analogues was shown
(Figure 3).The mean postprandial blood glucose (PPBG)in the evening
in the 2" trimester was significantly higher in group 2 (p=0.007),
while the other PPBG at the different periods of pregnancy were
comparable in the two groups (Table 2).There was no statistically
significant difference between the mean HbAlc of the two groups
throughout the study (Figure 4); The highest incidence of patients
achieving the HbAlc goal of less than 6% was observed in the 2nd
trimester for the two groups (Figure 5). The AHbAlc (HbA1cT3-
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HbA1cT1) was -1.41 + 1.57% (min: 4.80%; max: +1.5%) in group 1 and
-0.79 £ 1.26 % (Min: -4.10%; max: +1.3%) in group 2 (p=0.13). ) A
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Figure 3: Mean changing of evening pre-prandial glucose of each
group on T2 and T3.
1st trimester 2nd trimester 3rd trimester
G1 G2 P G1 G2 P G1 G2 P
Morning 1
PPBG .86 + 0.54 g/l 1.89+0.71 g/l 0.86 1.68+0.43 g/l 1.75+0.53 g/l 0.58 1.72+0.36 g/l 1.59+0.63 g/l 0.33
g';‘g‘gy 1.72+0.54 g/l 1730679/l | 084 |148+0454 168+0559g/1 | 0.65 1.56 + 0.39 g/l 1.77 £ 0.78 g/l 0.16
Evening
PPBG 1.53 £0.62 g/l 1.68 £0.65 g/l 0.34 1430429/l 1.77 £0.59 g/l 0.013 1.61+£0.43 g/l 1.80£0.77 g/l 0.2

Table 2: Mean PPBG in both groups at T1, T2 and T3.

The need for insulin increased throughout pregnancy in both
groups and was higher in group 2 with a more marked difference in the
third trimester (G1: 0.84 + 0.29 Ul/kg/d; G2: 1.01 + 0.34 U/kg/d;

p=0.05).

Nocturnal hypoglycaemic episodes were less frequent in Group 2

than Group 1 in the Ist and 3™ trimester with a non-significant
difference. On the other hand, the percentage of patients with at least
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one episode of nocturnal hypoglycemia was significantly higher in
Group 2 than in group 1 in the 2nd trimester (p=0.03) (Figure 6).

Means of episodes of severe hypoglycemia per month were
comparable in two groups 2 (T1: p=0.28, T2: p=0.31, T3: p=0.19)
(Figure 7).

Two patients, one in group 1 and the other in group 2, had an
episode of ketosis in the first and second trimester due to a urinary
tract infection. No patient presented ketoacidosis.
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Figure 6: Mean episodes of nocturnal hypoglycemia per month in
the T1, T2 and T3.
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Figure 7: Averages of episodes of severe hypoglycemia per month in
the study population at T1, T2 and T3.

In group 2, three patients aggravated their diabetic retinopathy but
no case of progression of non-proliferative retinopathy to proliferative
was observed in either group; the difference between the two groups
was not significant (p=0.38). Renal function remained stable
throughout pregnancy for both groups. Patients with positive
albuminuria in early pregnancy did not develop macroalbuminuria.
Mean weight gain was lower in group 2 than in group 1 in the three
trimesters, more notable in the third trimester (G1: 10.27 kg vs G2:
7.69 kg; p=0.08).

Discussion

In our study, insulin detemir was able to equilibrate fasting blood
glucose as well as NPH insulin and was even better in the third
trimester. Results of our study were similar to those found in the
Herrera study [3], which examined pregnant women with type 2
diabetes or gestational diabetes, average fasting glucose during
pregnancy was 1.01 + 0.9 g/l and 0.99 + 0.88 g/ respectively in the

detemir arm and the NPH insulin arm. A large randomized controlled
study [4]comparing insulin detemir versus NPH insulin, both
associated with insulin asparte included a total of 310 pregnant women
with diabetes type 1 recruited on preconception or already pregnant
with a gestational age less than 12 gestational weeks (GWs). This study
showed that fasting glucose levels at 24 GWs and 36 GWs in the
detemir group were significantly lower than those in the NPH group.
This difference was found in the patients recruited before pregnancy
but was not noted in the patients recruited in the first weeks of
pregnancy, which is the case of our patients confirming our results.

In our series, apart from the mean postprandial blood glucose in the
evening during the 2nd trimester, the different postprandial glucose
levels on insulin aspart were comparable to those under ordinary
insulin.

Several studies [5-8] in diabetics aside from pregnancy found better
control of postprandial glucose with insulin aspart, which has
encouraged its prescription in pregnant women. Indeed, lower post-
prandial blood glucose levels during pregnancy were correlated with
decreased perinatal complications [9].

A large international randomized study, conducted by Mathiesen
[10] in 18 countries, was conducted in 322 pregnant women with type
1 diabetes, including 157 on insulin aspartand 165 on ordinary insulin,
but all with insulin NPH. This study showed superiority of insulin
aspart compared to fast human insulin during the 1%t and 3" trimester
in the balance of postprandial blood glucose especially in the morning.

As regards HbAlc, The data from the literature are comparable to
our results. Indeed, the various studies [4,11,12] comparing insulin
detemir with insulin NPH during pregnancy did not show superiority
or inferiority of the slow analog versus NPH on the control of HbAlc.
Studies concerning aspart also found HbAlc comparable to that found
with ordinary insulin throughout pregnancy [10,13,14]. Mac Manus
and Rayan estimated insulin requirements to decrease by 10 to 20% by
the twelfth week of pregnancy and then to increase from the eighteenth
to the thirty-sixth week [15].

The Mathiesen study [4,11] carried out in 2012 showed that the
mean total insulin doses at 14 GWs were 0.73 U/kg/d in the detemir
group and 0.74 U/kg/d in the group NPH and at 36 GWs were 1.17
U/kg/day in the detemir group and 1.05 U/kg/day in the NPH group
(p=NS). Intensification of doses has mainly concerned fast insulin.

This result is supported by Mathiesen's first study [10] which also
showed that doses of insulin boli were lower in the aspart group than
in the regular insulin group [10,14]. At the end of the 3rd trimester the
rapid insulin doses were very high confirming the interest of fast
analogues that allow a less aggressive titration of insulin for a better
glycemic balance with a lower risk of hypoglycaemia.

We didn’t study fast and slow insulin doses separately so the higher
doses of insulin in group 2 could be explained by the fact that for the
same hypoglycaemic power detemir needs 2 to 4 times higher doses
than those of NPH [16,17]. Insulin detemir actually has less affinity
than insulin NPH for the insulin receptor [18].

Episodes of nocturnal hypoglycemia were less in the insulin analog
group but with no significant difference; On the other hand, severe
hypoglycaemia was described more in this group but also without
significant difference. The latter result could be explained on the one
hand by a slightly higher frequency of type 1 diabetics in group 2 and
on the other hand the indication of insulin analogues could have been
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posed hypoglycaemia in some patients and thus constituting a
selection bias.

Insulin analogues offer the opportunity to mimic the physiological
secretion of insulin thus allowing more flexibility and freedom to
patients and a lower risk of hypoglycaemia [19]. Insulin detemir
disappears more slowly from the subcutaneous tissue than NPH and
has a more "flat" pharmacodynamics than of NPH (no peak action at
usual doses). A study [20] comparing the variability of resorption of
insulin detemir with that of insulin NPH concluded that the resorption
variability was lower for insulin detemir. As for insulin aspart [21], its
delay of action, of the order of 5 to 15 minutes, is twice as short as that
of the conventional rapid with a peak of action around 30 to 90
minutes.

In vitro, the affinity of insulin aspart for the insulin receptor is
comparable to that of conventional insulin. he main advantage of the
rapid analog is that the pre-prandial injection can be done just before
the meal, 15 minutes before (more if the blood glucose is high) or even
at the end of the meal if the amount of carbohydrate in the meal is not
known, without deterioration of HbAlc [22]. In case of hypoglycaemia
at meal time, the injection will be delayed in the middle or at the end
of the meal.

Among pregnant women, in 2003, Pettitt et al. [23] were the first to
study the clinical efficacy of insulin asparte versus human insulin in 15
patients with gestational diabetes. They reported a higher, but not
significant, frequency of hypoglycaemia in the insulin aspart group but
no episodes of severe hypoglycemia were observed. In contrary, the
Heller study [12] showed a lower risk of severe diurnal and nocturnal
hypoglycaemia in the insulin asparte arm but without significant
difference.

This result is similar to that found in the Mathiesen study [10,14].
The latter [14] found a risk of hypoglycemia all confused comparable
between the two groups. Studies that have been interested
[3,4,11,15,24] in insulin detemir in pregnant women, have not shown,
likewise, a significant difference in the frequency of hypoglycemia
compared to human insulin. However, Vellanki et al. [24,17] showed a
percentage of patients with at least one episode of hypoglycemia
comparable between the two groups (detemir group: 26%, human
insulin group: 36%; p=0.34) while the number of episodes of
symptomatic and biological hypoglycaemia per week was significantly
higher in the insulin NPH group than in the insulin detemir group.

Conclusion

Our work is the first in Tunisia comparing insulin analogs to human
insulin in pregnant women. We showed the non-inferiority of insulin
analogs in glycemic control during pregnancy. We did not find a
significant decrease in hypoglycaemia under analogs. The development
of insulin analogs has provided a greater choice for patients with
diabetes than in the past, and it appears that their use in pregnancy is
increasing. This may reflect a change in the perception of the safety of
insulin analog use in pregnancy, supported by FDA endorsement.
Finally, the therapeutic choice, especially insulin therapy, should be the
discussed between the patient and the practitioner, taking into
consideration the patient's glycemic profile, lifestyle and social
security.

Limits of This Study

Our work has certain limits; the small size of the sample. Thus, there
was lost patients and we didn't evaluate the quality of life of our
patients and their satisfaction with the treatment in both groups.
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