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Efficacy of insulin lispro in improving glycemic
control in gestational diabetes
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Aim: To assess the safety and efficacy of insulin lispro in improving glycemic control in patients with gestational diabetes.
Materials and Methods: A retrospective observational study was conducted at a single center on 201 gestational women with
diabetes. Subjects who received insulin lispro performed blood glucose self-monitoring and recorded the readings in the fasting state
and 1 h after each meal. At each contact (in person or telephonic contact), the insulin dose was adjusted based on the readings
measured. A total of 53 subjects also recorded glucose levels post-partum. Pregnancy and post-delivery glucose level and insulin
requirements of these 53 patients were compared. Results: Analysis of glucose levels both fasting and post-prandial glucose levels
revealed that after using insulin lispro, the number of episodes of post-prandial hyperglycemia (1 h plasma glucose >120 mg/dL)
was minimal and so was the incidence of hypoglycemia. Hypoglycemia was defined as a blood sugar value of. There was neither
any congenital abnormality except for a poorly formed pinna in the right ear of one baby nor any post-partum complications of note.
Conclusion: Insulin lispro is an effective and safe treatment option in gestational diabetes.
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INTRODUCTION

Gestational diabetes mellitus (GDM) can be defined as
an impaired carbohydrate metabolism observed for the
first time in pregnant woman irrespective of insulin or
diet modification required."” Globally, the prevalence of
GDM has been increasing rapidly at a rate proportionate
to type-2 diabetes. According to “Diabetes in Pregnancy
Study Group India (DIPSI),” the prevalence rate of GDM in
Indian population was found to be about 3.8-21% depending
on the geographic location and methods applied during
diagnosis.”

Autoimmune beta-cell dysfunction, genetic abnormalities,
and chronic insulin resistance are the etiological factors
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contributing to gestational diabetes. Hyperglycemia during
pregnancy is associated with both fetal and maternal
complications. Some of the fetal complications include
increased incidence of macrosomia, perinatal mortality,
congenital anomalies, neonatal hypoglycemia, respiratory
distress, and polycythemia. Glucose intolerance and obesity
are the long-term complications observed in offspring of
gestational diabetic women.”!

Women with gestational diabetes are at an increased risk
of type 2 diabetes with a conversion rate of approximately
3% per year. Other maternal complications include cesarean
delivery, hypertension, and preeclampsia.l*”! Neonatal
hypoglycemia observed post-delivery is an outcome
of fetal hyperinsulinemia resulted due to maternal
hyperglycemia."Thus, these complications during and after
pregnancy demand the strict glycemic control as near as
possible to normal, without frequent hypoglycemia during
pregnancy. However, it is challenging for clinicians to achieve
tight glycemic control and improve pregnancy outcomes.

Insulin lispro is a rapidly absorbed insulin analogue
that reduces post-prandial hyperglycemia and nocturnal
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hypoglycemia when compared with regular human insulin
and could be used to improve glycemic control in pregnant
women with diabetes. Studies in pregnant women confirm
these facts and show that these analogues are safe during
pregnancy."However, it may be appropriate to mention
at this point of time that there is no Indian data on the
usage of lispro in pregnancy.

In the present retrospective observational study, we analyzed
the efficacy of insulin lispro for glycemic control and to find
out the risk of hypoglycemia and macrosomia in women
with gestational diabetes in South Indian population.

MATERIALS AND METHODS

This study was performed on 201 South Indian gestational
diabetic women. Subjects with any degree of glucose
intolerance at any gestational age (from start to end of
the gestation period) who failed to achieve adequate
glucose control with diet and exercise were enrolled into
the study. Subjects were given a 2-wecek trial for lifestyle
modification before inclusion into the trial. Nutrition
recommendations followed the Recommended Daily
Allowance/American Diabetes Association (ADA)
guidelines on dietary principles in the management of
gestational diabetes. Exercise included regular household
chores and daily stroll in the neighborhood/garden. The
diagnosis is generally based on an abnormal oral glucose
tolerance test (OGTT). An OGTT requires women to
fast overnight before attending the hospital for the test
the following morning. Usually, two blood samples are
taken. Gestational diabetes is determined according to the
following values.

Fasting plasma glucose values greater than
105 mg/dL; 1 h post-prandial glucose values greater
than 190 mg/dL; 2 h post-prandial glucose values greater than
165mg/dL; 3 h post-prandial glucose values greater than
145 mg/dL. Kindly note that the study was performed prior
to the DIPSI guidelines being published. Therefore, we
subjected the women to OGTT and used the ADA criteria
for diagnosis of gestational diabetes. Patients who received
prior treatment with insulin, who had pre-gestational
diabetes with concurrent vascular damage were excluded
from the study.

Insulin lispro was given to subjects enrolled in to the
study with glucose intolerance not responding to medical
nutrition therapy and physical activity, at any gestational
age. The dose of insulin was determined by the principal
investigator according the fasting and post-prandial values.
The subjects were informed to perform self-monitoring of
blood glucose and record the readings in the fasting state

and after each meal from the time of entry into the study
to post-partum. The subjects were advised to visit the study
center once a week with the recorded readings (fasting, 1 h
post-breakfast, post-lunch, post-dinner, and post-meal).
Insulin dose was adjusted in patients who failed to obtain
1 h post-prandial standard blood glucose concentration
of 120 mg/dL. Patients were instructed to administer
insulin lispro before each meal. Neutral protamine
hagedorn (NPH) insulin was given only if the fasting
plasma glucose was above 95 mg/dL.

Hypoglycemia was defined as a blood glucose
measurement <60 mg/dL. The subjects were expected to
report any episode of hypoglycemia immediately for further
insulin dosage alterations. Frequency of hypoglycemic
episodes was assessed at each weekly visit as recorded by a
patient in her diary. Well-being of the fetus was monitored
throughout the study with ultrasonography and fetal
non-stress tests; these were performed at the discretion
of the obstetric team. SAS software version 9.1.3 was
used for statistical analysis. Mean and standard deviation
were calculated for continuous variables, and number
and percentage were reported for categorical variables.
A P < 0.05 was considered significant.

Fasting and post-prandial (post-breakfast, post-lunch,
post-dinner, and post-meal) glucose values, frequency of
hypoglycemic episodes, and percentage of hypoglycemic
patients were measured. Adverse fetal outcomes like
percentage of congenital anomalies, neonatal hypoglycemia,
and birth weight of the neonates were analyzed. Neonatal
glucose was measured by the obstetric team by cord blood
estimation at birth and thereafter at regular intervals
until normoglycemia was restored under the supervision
of the neonatologist. The neonates were treated with
intravenous dextrose (if indicated), and initiated to early
breastfeeding. Post-partum blood glucose was included
wherever available.

REsuLTts

Demographic data

The mean age of the subjects (# = 201) was 29.22 years,
minimum age was 18 years and the maximum age 41 years.
The mean pre-pregnancy weight was 62 kg (# = 161), with
a minimum of 37 kg and maximum of 95 kg, The mean
height was 155 cm (7 = 200), with a minimum of 140 cm
and maximum of 179 cm. A total of 77.1% subjects
were found to have a positive family history of diabetes
and 26.6% subjects had a previous history of gestational
diabetes. Table 1 summarizes the demographic details at
the time of entry in to the study.
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Mean glucose and insulin values

The mean value of fasting blood glucose at the time of
entry into the study was 99.01 mg/dL. The entry level
post-breakfast values were 126.9 + 44.2 mg/dIL and at delivery,
106.5 £ 18.8 mg/dL; post-lunch entry level glucose was
125.5 £ 38.3 mg/dL and at delivery was 111 £ 18.4 mg/dL,
whereas post-dinner values at entry wetre 127.2 + 38.6 mg/dL
and at delivery was 111.8 + 19.5 mg/dL.

GDM mothers were instructed to monitor the capillary
blood glucose at home and inform us on a daily basis with at
least four point estimations, that is, fasting plasma glucose
and three post-meal values taken 1 h after consuming the
meal. Once a satisfactory level of approximately 120 mg/dL
was achieved; thereafter, the mother monitored their
glucose at least 2 times each week (four point blood sugar
estimations) and reported the same to us via e-mail, fax,
or through telephonic contact. The dosage adjustment
was done by the physician and the same was conveyed to
the subjects. Additional estimations were done when the
patient felt symptoms of hypoglycemia or at physician’s
discretion. There were at least two visits in a month: One
to the obstetric team and one to the diabetes clinic.

The initial insulin lispro requirements were 9.3 £ 5.7,7.8 £ 6.7,
and 8.3 * 4.7 units given just before breakfast, lunch, and
dinner. For women with pre-gestational diabetes, the initial dose
of NPH insulin was 8.5 = 7.3 units. Around delivery, the insulin
doses (lispro) had increased to 32 = 19.4 units, 27.2 + 18.4, and
28.3 £ 17.3 before breakfast, lunch, and dinner in that order.
The NPH dose around delivery was 19 & 15.1 units. The mean
values of insulin dose (u/mL) at pre-breakfast, post-breakfast,
pre-lunch, post-lunch, pre-dinner, and post-dinner at entry time
and at delivery time are provided in Table 2. The mean glucose
values at fasting and post-meal were 85.7 and 116.5 mg/dL.
These levels were significant (P < 0.0001).The mean glucose
value of post-breakfast was 116.2 £ 17.9 and post-lunch was
115.9 dinner level was 117.5 units.HbAlc was not measured
in any of these patients.

Blood sugar, OGTT, and insulin values

The number of hypoglycemic episodes was nine in
exactly four patients. All the episodes were minor and
the subjects did not require any assistance for recovery
from hypoglycemia. All episodes of hypoglycemia were
in conformation of the Whipple’s triad. Each subject on
an average performed about 200 self-monitoring blood
glucose and reported the same to the center either via
telephonic contact, e-mail, sms, or fax.

Maternal complications (antenatal)
Urinary tract infection was noticed in 2.2% of the gestations.
Candidiasis was not reported, however. No account of

eclampsia or candidiasis was found in these subjects.No cases
of eclampsia were noted since the obstetric team managed
pregnancy induced hypertension (PIH) using o methyldopa.
Blood pressure was maintained <130/80 mm Hg.

Mode of delivery

A total 0f49.4% of the deliveries were normal deliveries.
Caesarean section delivery was done in 50.6% [Table 3|. The
mode of delivery was left to the discretion of the obstetric
team. In most cases the mothers had opted for C-section, while
fetal distress was not a major cause for C-section; since most
of the pregnancies were precious pregnancies all registered for
antenatal checkup at fertility centers and those who conceived
after a treatment for infertility opted voluntarily for C-section.
The pregnancies were all delivered at a mean gestational age
of 37 weeks.No cases of eclampsia were reported.

Neonatal outcomes
The mean gestational age of the subjects at the time of
delivery was 36.7 = 4.9 weeks and the mean birth weight

Table 1: Demographic details at the time of entry in to

the study
Variable Values
Age (years), median (range) (n=201) 29 (18-41)

Family history positive for diabetes (%) (n=201) 771
Pre-pregnancy weight (kg), median (range) (n=161) 62 (37-95)
Height (cm), median (range) (n=200) 155 (140-179)
Previous positive GDM (%) (n=195) 26.6

Parity median (range) (n=198) 2 (0-6)
Week of gestation at diagnosis (weeks), 21.75 (4-38)
median (range) (n=190)
GDM: Gestational diabetes mellitus
Table 2: Insulin values
Insulin dose (U/mL) At entry At delivery
Pre-breakfast 9.36%5.77 32.03+£19.43
Post-breakfast 126.90+44.26 106.51+18.8
Pre-lunch 7.81+6.71 27.24+18.44
Post-lunch 125.56+38.35 110.09£18.42
Pre-dinner 8.36+4.71 28.36+17.37
Post-dinner 127.29+38.68 111.87£19.55
Night NPH dose 8.51+7.30 19.06+15.16
NPH: Neutral protamine hagedorn
Table 3: Labor details
Outcome Values
Complications at delivery (%) (n=174)
Eclampsia 0
Cesarean section delivery 50.6
uTl 2.2
Candidiasis 0
Post-partum OGTT (mg/dL) (mean+SD) (n=45)
Fasting 105.35+40.21
1h 171.25+66.29
2h 150.72+80.25

UTI: Urinary tract infection, OGTT: Oral glucose tolerance test, SD: Standard
deviation
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of the children was 2.98 + 0.41 kg [Table 4]. The birth
weight data were available for only 172 new born infants,
of which 22 were with a birth weight >3.5 kg, that is,
macrocosmic (or LGA or large for gestational age) and
19 were <2.5 or LBW (low birth weight) or SGA (small
for gestational age). Percentage of hypoglycemia was 1.1
and congenital anomalies were 0.5%. None of the babies
were >4 kg. The only congenital anomaly noted was a
pootly formed pinna in the right ear.

Post-partum OGTT

OGTT was performed only in 45 subjects whose fasting
plasma glucose was 105.35 * 40.21, while 1 and 2 h
post-glucose recorded as 171.25 £ 66.29 and 150.72 + 80.25
[Table 3]. Only those who had pre-gestational diabetes
continued to take therapy for the same with their local
general practitioner’s, while all the GDM mothers were
lost in follow-up. This was in spite of repeated reminders
made by diabetic team that diabetes prevention is possible.

DiscussioN

Infants of diabetic mothers are at an increased risk
of macrosomia, hypoglycemia, hyperglycemia, and
hyperbilirubinemia compared to non-diabetic mothers.
Recent advances substantiate that poor maternal glycemic
control during pregnancy is associated with risk of maternal
and fetal complications.

Macrosomia is defined as a birth weight higher than 4.0 kg
If capillary glucose was under 3.3mmol/L (<60 mg/dL), and
the patient could manage symptoms herself, the episode was
considered mild hypoglycemia. Results have cleatly proved
that glucose control levels, hypoglycemia, birth weight of
infants, and macrosomia of subjects on insulin lispro are
very much similar to the subjects on human insulin.'"The
results of this study are consistent with findings seen in
previous studies by, Seshiah ez a/" Jovanovic et al® and
Meccaci ef a/!"") The present study also shows that the plasma
glucose levels of subjects on insulin lispro were similar within
normal limits but with a lower risk of hypoglycemia.

The risk of macrosomia is closely related to 1 h post-prandial
glucose concentration.'” Several studies have showed

Table 4: Neonatal outcomes

Variable Values
Gestational age at delivery (weeks), (Mean+SD) 37.11£3.25
Birth weight (kg) (Mean+SD) (n=172) 2.98+0.50
No. of babies with a birth weight>3.5 kg (n=172) 22

No. of babies with a birth weight<2.5 kg (n=172)* 19
Hypoglycemia (%) (n=172) 1.1
Congenital anomalies (%) (n=172) 0.5

SD: Standard deviation

that peak glucose concentration occurs 1 h after eating.
Regular human insulin does not control the post-prandial
at 1 h as effectively as rapid acting analogs. Moreover, the
risk of post-meal hypoglycemia is noticed in patients on
regular human insulin; this is not seen in patients using
rapid acting insulin analogs. This is due to the varying
kinetics between the two types of insulin. Prompt acting
analogues achieve higher peak insulin levels in lesser time
and with a shorter duration of action than HI when they are
given 5 min before a meal."*' Insulin therapy is required
whenever strict normal glycemia cannot be achieved by
medical and nutritional therapy alone. Insulin lispro with
its short-acting pharmacokinetic property could be more
efficient in pregnancy than regular human insulin.”>") As
rapid acting lispro was found to be safe and effective in
achieving the targeted post-prandial glucose value during
pregnancy, US Food and Drug Administration approved
lispro analogue for the treatment of gestational diabetes
in pregnant women."!

The first randomized study that evaluated the effect of
insulin lispro treatment in pregnancy was conducted by
Jovanovic ef al® in which they evaluated 19 GDM patients
on insulin lispro and 23 on regular insulin. The number of
pre-breakfast maternal hypoglycemic episodes was lesser
in patients on lispro than in patients on regular insulin.
The percentage of post-prandial hyperglycemia episodes
was significantly lesser with less amount of hypoglycemiall
in patients on insulin lispro than those in patients on
regular insulin. Moreover, when compared the treatment
of insulin lispro with that of regular insulin, lispro caused
an appreciable reduction in HbAlc levels at the third
trimester. Evaluated insulin lispro insulin in pregnancy and
concluded that risk differences for malformations or unusual
pregnancy courses were not higher in the insulin lispro
group compared to the controls. Rapid absorption of insulin
lispro from subcutaneous site allows for a faster peak insulin
concentration than is found with regular human insulin.!'*!”

According to llic ¢f al. patients on insulin lispro reported
greater compliance and satisfaction with this therapy than
those on regular insulin.!"¥ Mecacci ¢f a/. compared maternal
glucose levels and neonatal outcome in 49 GDM women
randomly assigned to treatment with regular insulin (# = 24)
ot insulin lispro (# = 25).' Blood glucose values 1 h
post-prandial were significantly lower in patients on insulin
lispro than in those on regular insulin. Pregnant woman
with plasma glucose 120-139 mg/dL required follow-up
after 1 h as 2 h plasma glucose >140 mg/dL resulted in
short- and long-term morbidity of the off springs.!'*"**"

Furthermore, it was noted that 19 women has a birth
weight of <2.5 kg, This was not due to overcorrection of
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glycemia rather it reflected the problems that are noted
with initiation of insulin therapy. The pregnant mother
continues to reduce her intake of food due to rising dose
of insulin and the traditional thinking that “diabetic diet
is equal to starvation” needs to be corrected.

It is quite painful to note that the number of subjects who
returned for an OGTT either at the diabetes clinic or the
obstetric center was abysmally low. This was in spite of
reminders to them all throughout their gestation, that future
type 2 diabetes is preventable. All it requires is lifestyle
modification. A combined effort by all clinicians and more
awareness is required to spread the message of diabetes
prevention since a long latent period exists before women
with GDM turn into overt type 2 diabetes.

Post-partum details of number of subjects differed with
number of subjects enrolled in to the study. The other
limitations of the study are that it was a single center trial
and there was no control arm. In conclusion, the results
of this retrospective study proved the efficacy, safety, and
tolerability of insulin lispro in gestational diabetic pregnant
women, which showed that there is no risk of abnormality
or strange course of pregnancy with the treatment of
fast-acting insulin analogue, insulin lispro.

REFERENCES

1. Friedman JE, Kirwan JP, Jing M, Presley L, Catalano PM. Increased
skeletal muscle tumor necrosis factor-alpha and impaired insulin
signaling persist in obese women with gestational diabetes mellitus
1 year postpartum. Diabetes 2008;57:606-13.

2. Seshiah V, Sahay BK, Das AK, Shah S, Banerjee S, Rao PV, et al.
Gestational diabetes mellitus--Indian guidelines. J Indian Med Assoc
2009;107:799-802, 804-6.

3. Dabelea D. The predisposition to obesity and diabetes in offspring
of diabetic mothers. Diabetes Care 2007;30:5169-74.

4.  Schmidt MI, Duncan BD, Reichelt AJ, Branchtein L, Matos MC,
Costa e Forti A, et al. Brazilian Gestational Diabetes Study Group.
Gestational diabetes mellitus diagnosed with a 2-h 75-g oral glucose
tolerance test and adverse pregnancy outcomes. Diabetes Care
2001;24:1151-5.

5. Casey BM, Lucas MJ, Mcintire DD, Leveno KJ. Pregnancy outcomes
in women with gestational diabetes compared with the general
obstetric population. Obstet Gynecol 1997;90:869-73.

6. Sharmilakrishna T, Naidu JN, Rajeswari DR. Gestational
diabetes mellitus: An overview. Int J Applied Biol Pharm Technol
2011;2:226-32.

7. Seshiah V, Balaji V. Insulin analogue therapy in pregnancy with
diabetes. J Assoc Physicians India 2009;57 Suppl: S34-7.

8. Jovanovic L, llic S, Pettitt DJ, Hugo K, Gutierrez M, Bowsher RR,
et al. Metabolic and immunologic effects of insulin lispro in gestational
diabetes. Diabetes Care 1999;22:1422-7.

9. Scherbaum WA, Lankisch MR, Pawlowski B, Somville T. Insulin
Lispro in pregnancy--retrospective analysis of 33 cases and matched
controls. Exp Clin Endocrinol Diabetes 2002;110:6-9.

10. Balaji V, Balaji MS, Seshiah V, Mukundan S, Datta M. Maternal
glycemia and neonates birth weight in Asian Indian women. Diabetes
Res Clin Pract 2006;73:223-4.

11. MecacciF, Carignani L, Cioni R, Bartoli E, Parretti E, La Torre P, et al.
Maternal metabolic control and perinatal outcome in women with
gestational diabetes treated with regular or lispro insulin: Comparison
with non-diabetic pregnant women. Eur J Obstet Gynecol Reprod
Biol 2003;111:19-24.

12. Seshiah V, Balaji V, Madhuri SB. Insulin Aspart-Safe During
Pregnancy. Diabetes Care 2006;54:A-133.

13. Langer O, Mazze R. The relationship between large-for—
gestational-age infants and glycemic control in women with
gestational diabetes. Am J Obstet Gynecol 1988;159:1478-83.

14. Combs CA, Gunderson E, Kitzmiller JL, Gain LA, Main EK.
Relationship of fetal macrosomia to maternal postprandial glucose
control during pregnancy. Diabetes Care 1992;15:1251-7.

15. Burge MR, Castillo KR, Schade DS. Meal composition is a
determinant of lispro-induced hypoglycemia in IDDM. Diabetes Care
1997;20:152-5.

16. Gale EA. Arandomized, controlled trial comparing insulin lispro with
human soluble insulin in patients with Type 1 diabetes on intensified
insulin therapy. The UK Trial Group. Diabet Med 2000;17:209-14.

17. Heinemann L, Woodworth J. Pharmacokinetics and glucodynamics
of insulin lispro. Drugs Today 1998;34 Suppl C:S23-36.

18. llic S, Jovanovic L, Petitt DJ, Ohanessian dJ, Bastyr EJ. Treatment
satisfaction with insulin therapy contributes to glucose control in
gestational diabetes mellitus. Diabetes 1999;48 Suppl 1:5226.

19. de Veciana M, Major CA, Morgan MA, Asrat T, Toohey JS, Lien JM,
et al. Postprandial versus preprandial blood glucose monitoring in
women with gestational diabetes mellitus requiring insulin therapy.
N Engl J Med 1995;333:1237-41.

20. Patmore JE, Masson EA, Brash PD, Boxter M, Caldwell G,
Gallen J, et al. Maternal outcome in type 2 diabetic pregnancy
treated with insulinlispro. The 61 Scientific sessions of the
American diabetes.

Cite this article as: Deepaklal MC, Joseph K, Kurian R, Thakkar NA. Efficacy
of insulin lispro in improving glycemic control in gestational diabetes. Indian J
Endocr Metab 2014;18:491-5.

Source of Support: Nil, Conflict of Interest: None declared.

Indian Journal of Endocrinology and Metabolism / Jul-Aug 2014 / Vol 18 | Issue 4



