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 Case series
 Patient: —
 Final Diagnosis:	 Acute	fatty	liver	of	pregnancy	•	HELLP	syndrome
 Symptoms:	 Decrease	in	insulin	dosage	for	gestational	diabetes	mellitus
	 Medication: —
 Clinical	Procedure: —
 Specialty:	 Obstetrics	and	Gynecology

 Objective: Unusual clinical course
 Background: When a woman becomes pregnant, the placenta produces human placental lactogen (hPL). The anti-insulin ef-

fect of hPL raises maternal blood glucose levels, allowing the fetus to use glucose as a nutrient. Because hPL 
is produced by the placenta until delivery, insulin requirements in patients with gestational diabetes mellitus 
(GDM) typically increase, but in some cases, they may decrease. We retrospectively examined data from wom-
en with GDM who received insulin and delivered at our hospital.

 Case Reports: From April 2019 to March 2020, we targeted patients who were diagnosed with GDM, received insulin, and de-
livered at our hospital. GDM was diagnosed based on the guidelines from the Japanese Society of Obstetrics 
and Gynecology. The rate of change in insulin dosage was calculated as: (insulin dosage at delivery – insulin 
dosage 14 days before delivery) divided by 14. Two patients whose insulin dosage was significantly reduced 
developed a syndrome of hemolysis, elevated liver enzymes, and low platelet count or acute fatty liver of preg-
nancy and underwent emergency cesarean section.

 Conclusions: The present case report suggests that a decrease in insulin requirement in pregnant patients with GDM can 
predict maternal abnormalities due to placental dysfunction.
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Background

In pregnancy, the placenta produces human placental lacto-
gen (hPL), which increases insulin resistance. Moreover, the 
amount of insulin produced by the mother’s body also increas-
es, but if it is insufficient, gestational diabetes mellitus (GDM) 
can occur. Patients in whom that happens are given insulin 
until their blood glucose levels are sufficiently controlled. As 
insulin resistance progressively increases before delivery, the 
insulin dosage is increased accordingly. In a few patients, the 
insulin dosage is decreased, but no studies to date have re-
ported on perinatal prognosis in the setting of reduced insulin 
requirements during pregnancy. In the present study, we retro-
spectively examined data from patients with GDM who were 
treated with insulin and analyzed outcomes in those whose 
need for insulin decreased.

Case	Reports

From April 2019 to March 2020, we targeted patients who were 
diagnosed with GDM, received insulin, and delivered at our 
hospital. GDM was diagnosed based on guidelines from the 
Japanese Society of Obstetrics and Gynecology [1]. Specifically, 
a 2-step method was used to screen for GDM: 
1)  During early pregnancy, patients underwent testing for blood 

glucose and if at any time the level was ³100 mg/dL, they 
were considered to have GDM.

2)  At 24 to 28 weeks’ gestation, patients were screened with 
a 1-h, 50-g oral glucose challenge test. A result ³140 mg/dL 
was considered definitive for GDM because the test has 
higher sensitivity for screening than a blood glucose level 
³100 mg/dL at anytime during pregnancy [1].

Pregnant women who screened positive on either test also 
underwent a 75-g oral glucose tolerance test. GDM was diag-
nosed if their blood glucose levels were ³92 mg/dL when fast-
ing, ³180 mg/dL at 1 h, or ³153 mg/dL at 2 h.

Patients were excluded from the study if they were diagnosed 
with diabetes during pregnancy, including cases in which the 
disease was overlooked before pregnancy; had a glucose me-
tabolism disorder that was affected by changes in glucose me-
tabolism during pregnancy; had type 1 diabetes that devel-
oped during pregnancy (fasting blood glucose level >126 mg/
dL or hemoglobin A1c [HbA1c] level >6.5%); or had preexist-
ing diabetes [1].

When patients were diagnosed with GDM, their body mass in-
dex (BMI), homeostatic model assessment of insulin resistance 
(HOMA-IR), HbA1c, and average glycoalbumin (GA) level were 
recorded. The insulin dosages administered to patients and 
the outcomes of their labor were examined. All patients were 

treated with lispro (Humalog®, Lilly Netherlands, Utrecht, The 
Netherlands), a rapid-acting insulin preparation; no other in-
sulin preparation was used in combination with it.

The present study was approved by the International University 
of Health and Welfare Hospital Ethics Committee (registration 
number: 20-B-455).

Progress	of	Patients	with	GDM

There were 30 patients with GDM, all of whom had singleton 
pregnancies. They were all Asian, well-nourished, and had no 
financial problems. The average age at diagnosis in all cases 
was 33.1±5.1 years, the average height was 157.5±5.2 cm, 
the average weight at pre-pregnancy was 60.6±14.3 kg, the 
average BMI calculated based on pre-pregnancy weight was 
24.4±5.6 kg/m2, the average HOMA-IR (immunoreactive insu-
lin [µu/mL]×fasting plasma insulin [mg/dL]÷405) was 2.03±1.4, 
the average HbA1c level was 5.4±0.4%, and the average GA 
level was 13.1±1.2%. There were 18 nulliparous women (5 
uniparous, 6 biparous, and 1 multiparous [with 3 live births]). 
Concerning obstetric history, 5 patients had conceived after 
in vitro fertilization, 4 patients had a history of cesarean sec-
tion, 1 had conceived after uterine myoma enucleation, 1 had 
a history of stillbirth with multiple malformations, 1 had pre-
existing epilepsy during pregnancy, 1 had preexisting hyper-
thyroidism during pregnancy, and 1 had preexisting optic neu-
romyelitis during pregnancy (prednisolone sodium received at 
10 mg/d). There were no cases of preeclampsia requiring hos-
pitalization or medication (Table 1).

The average insulin dosage in all patients was 27.7±17.8 U/d, 
with the maximum and minimum insulin doses being 74 and 
4 U/d, respectively. The changes in insulin dosage in all cases 
are shown in the line graph in Figure 1.

Concerning delivery outcomes, there were no stillbirths or in-
trauterine fetal deaths; 1 fetus was born prematurely and the 
remaining 29 were born at term. One case of preterm birth oc-
curred at 33 weeks and 4 days gestation; the infant weighed 
2037 g at birth. The average birth weight of term infants was 
2841.1±322.6 g. The delivery patterns were as follows: vaginal 
delivery in 19 cases, elective cesarean section in 6 cases (pre-
vious cesarean section, post-fibroid pregnancy, and pregnancy 
with epilepsy in 4, 1, and 1 case, respectively), and emergen-
cy cesarean section in 5 cases. The breakdown of the emer-
gency cesarean sections included 3 cases of labor arrest and 
2 cases of hemolysis, elevated liver enzymes, and low platelet 
(HELLP) syndrome/clinical acute fatty liver of pregnancy (AFLP).

Blood test results from 2 patients with HELLP/AFLP (cases 24 
and 28) are presented in Table 2. The patient in Case 24 un-
derwent an emergency cesarean section at a gestational age 
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Case no. Age (y) Parity (n)
Height	
(cm)

Weight	before	
pregnancy (kg)

BMI 
(kg/m2)

HbA1c 
(%)

HOMA-IR
Obstetric	history	and 

complications

1 42 0 155.5 76 31.4 5.5 1.34
Stillbirth with multiple 
malformations

2 38 0 148 54 24.6 5.4 1.28 Preexisting epilepsy

3 34 2 162 83 31.6 5.6 1.4 Cesarean section

4 28 1 153 43 18.3 4 4.36
Cesarean section, preexisting 
hyperthyroidism

5 40 0 164 45 16.9 5.2 1.4
In vitro fertilization, myoma 
enucleation

6 34 0 154.5 67.5 28.2 5.6 2.3

7 28 2 159.1 49 19.3 5.4 2.69

8 28 0 153 57 24.3 5.2 1.55 In vitro fertilization

9 36 0 161 57 21.9 5.2 1.94

10 32 1 164 70 26 6 1.05
In vitro fertilization, cesarean 
section

11 42 0 164 111 41.2 5.6 2.75

12 40 0 156.3 48 19.6 5.2 7.67 In vitro fertilization

13 27 0 152 57 24.6 5.8 2.61

14 33 1 169 69 24.1 6.2 3.54 Cesarean section

15 30 1 158 45 18 5.2 0.79

16 33 0 157.5 46 18.5 5.1 0.54

17 32 3 152.5 64 27.5 5.7 1.68

18 29 2 157 50 20.2 5.1 1.39

19 30 0 158 74 29.6 5.4 0.91 In vitro fertilization

20 30 1 164 52 19.3 5.5 0.7

21 33 2 150 55 24.4 5.1 1.44

22 32 0 147.2 71 32.7 5.8 2.63

23 39 2 152.5 63.5 27.3 5.7 2.19

24 35 0 158.5 80 31.8 5.4 2.72 GDM in previous pregnancy

25 38 0 161 47 18.1 5.2 1.34

26 21 0 160 63 24.2 5.8 1.74

27 23 2 160 49 19.1 6.1 4.22

28 35 0 156.6 57 23.2 5.6 1.03

29 36 0 164.9 54 19.8 5.2 0.78

30 35 0 153.2 60 25.5 5.5 0.78 Preexisting optic neuromyelitis

Average 33.1±5.1 157.5±5.2 60.6±14.3 24.4±5.6 5.4±0.4 2.03±1.4

Table 1. Baseline characteristics of the 30 patients with GDM.

GDM – gestational diabetes mellitus; BMI – body mass index; HbA1c – hemoglobin A1c; HOMA-IR – homeostatic model assessment of 
insulin resistance.
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Figure 1.  Changes in insulin dosage in all 30 cases. The horizontal axis shows the gestational weeks and the vertical axis shows the 
insulin dosage (U/day). Data from 2 patients (Cases 24 and 28) suspected of developing − hemolysis, elevated liver enzymes, 
and low platelet syndrome/acute fatty liver of pregnancy are presented.
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Case 24 Case 28

2	wk	before	CS 1	wk	before	CS Just	before	CS 2	wk	before	CS Just	before	CS

WBC /μL 6660 5830 6740 7780 10470

Hb g/dL 11.2-15.2 13.1 12.6 12.2 11.9 11.6

Plt ×10000/μL 14.0-37.9 13 13.9 5.6 18.4 8.8

PT sec 8.0-12.0 12.9 12.1

APTT sec 26.0-38.0 27.3 28.7

Fibrinogen mg/dL 200-400 539

AT activity % 80-120 93.2 82

AST IU/L 8-38 14 17 115 150

ALT IU/L 4-44 19 27 146 149

T-Bil mg/dL 0.2-1.2 0.7 0.7 1.9 0.9

LDH IU/L 106-211 151 150 482 352

Cre mg/dL 0.47-0.79 0.57 0.59 0.63 0.55

BUN mg/dL 8.0-20.0 4.3 5.2 5.2 8.1

Table 2. Results of biochemical blood tests in 2 patients suspected of developing HELLP/AFLP.

HELLP – hemolysis, elevated liver enzymes, and low platelet syndrome; AFLP − acute fatty liver of pregnancy; WBC – white blood cell; 
Hb – hemoglobin; Plt – platelet; PT – parathyroid; APTT – activated partial thromboplastin time; AT – antithrombin; AST – aspartate 
aminotransferase; ALT – alanine aminotransferase; T-Bil – total bilirubin; LDH – lactate dehydrogenase; Cre – creatinine; BUN – blood 
urea nitrogen.
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of 33 weeks and 4 days and delivered a male infant with a 
birthweight of 2037 g. The infant’s Apgar scores were 7 (1 min) 
and 8 (5 min). The patient in Case 28 underwent an emergency 
cesarean section at a gestational age of 38 weeks and 2 days 
and delivered a female infant with a birthweight of 2445 g. The 
infant’s Apgar scores were 8 (1 min) and 10 (5 min). Because 
the infant in Case 24 was born prematurely, management in 
the Neonatal Intensive Care Unit was required, but in all other 
cases, no abnormalities were observed in the mother or baby.

The rate of change in insulin dosage measured from 14 days 
before delivery is presented in Figure 2. It was defined as the 
difference (D insulin dosage) between the amount of insulin 
used 14 days before delivery and during labor divided by 14. 
The formula is as follows:

Rate of change in insulin dosage=(D insulin dosage)÷14

When the change in insulin dosage was positive, it indicat-
ed an increase in insulin dosage as delivery approached. 
Conversely, if it was negative, it meant that insulin dosage 
decreased near delivery.

The average rate of change in insulin dosage was 0.13±0.7. The 
rate of change in insulin dosage in Case 24 was -1.93; thus, the 
degree of deviance from the average rate of change was -2.06 
and the rate of change in insulin dosage in Case 28 was -0.86. 
The degree of deviance from the average rate of change was 

-0.99 (Figure 2). The 2 cases (Cases 24 and 28), in which in-
sulin requirements decreased by the greatest magnitude were 
those presumed to be in the patients who had HELLP/AFLP.

Discussion

We found that the 2 patients in whom the rate of change in 
insulin dosage was significantly negative were those presumed 
to have HELLP/AFLP (Figure 2). We investigated whether a de-
crease in insulin dosage suggested maternal abnormalities.

Pregnancy-related insulin resistance increases toward the 
end of the third trimester [2]. One of the reasons for this is 
hPL, which is produced by the placenta in pregnant women. 
The anti-insulin effect of hPL causes maternal blood glucose 
levels to rise, enabling the fetus to use glucose as a nutrient. 
Furthermore, hPL promotes lipolysis, resulting in production 
of free fatty acids and glycerol, which can be used as a nutri-
ent source for the mother [3]. Beginning in gestational week 
15, when placental function is complete, hPL increases rapid-
ly and plateaus at around gestational week 36 [4]. Therefore, 
increased maternal insulin resistance is a natural phenome-
non, and compensation for the increase in insulin secretion 
is required. In late pregnancy, insulin secretion is 2 to 3 times 
higher than that in a woman who is not pregnant [5]. If ma-
ternal insulin secretion is insufficient, insulin resistance be-
comes excessive and GDM develops [5]. Diet is the first line 

Figure 2.  The rate of change in insulin dosage beginning 14 days before delivery, using the formula (“insulin dosage at delivery” 
– “insulin dosage 14 days before delivery”)÷14. The vertical axis shows the rate of change in insulin dosage and the 
horizontal axis shows the case number. A positive change in ratio of insulin dosage indicated that insulin usage increased 
close to delivery. In contrast, a negative change meant a decrease in the amount of insulin used. The patients in Cases 24 
and 28 were presumed to have hemolysis, elevated liver enzymes, and low platelet syndrome and their rates of change are 
indicated.
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of treatment for GDM, but if glycemic control is poor, insulin 
injections are required.

hPL is a hormone produced by human placental syncytium 
cells and can be used as an index of placental function [6]. 
The amount of hPL gradually increases as pregnancy progress-
es, but it decreases in cases of intrauterine growth restriction 
and preeclampsia [6]. Therefore, when placenta function de-
clines, hPL produced by the placenta decreases, resulting in 
decreased insulin resistance and insulin requirements.

The patients in Cases 24 and 28 both had acute onset of up-
per abdominal pain, which led to further examination, such 
as blood tests. There is no international consensus on the di-
agnostic criteria for HELLP/AFLP; however, in general, HELLP 
syndrome is diagnosed in patients who have lactate dehy-
drogenase (LDH) >600 IU/L, aspartate aminotransferase (AST) 
>70 IU/L, and platelet count <150×103/μL [7]. The platelet counts 
of the 2 patients in the present study who were presumed 
to have HELLP/AFLP met the criterion. However, some of the 
other values did not meet the diagnostic criteria, such as an 
LDH of 482 IU/L and AST of 115 IU/L in Case 24 and an LDH 
of 352 IU/L and an AST of 50 IU/L in Case 28. Moreover, 80% 
of patients with HELLP syndrome have hypertension. However, 
because no hypertension was observed in the 2 patients in 
the present study, the likelihood of AFLP was increased, giv-
en the similar clinical symptoms and blood test findings [7].

No diagnostic criteria have been established for AFLP. However, 
according to the Swansea criteria used in Europe and the 
United States, AFLP is diagnosed if 6 or more of the follow-
ing 14 criteria are met: clinical symptoms: vomiting, abdom-
inal pain, significant fluid intake and frequent urination, and 
encephalopathy; blood test findings: hyperbilirubinemia (>0.8 
mg/dL), hypoglycemia (<72 mg/dL), elevated uric acid levels 
(>5.7 mg/dL), leukocytosis (>11000 cells/μL), elevated liver en-
zymes (AST and alanine transaminase [ALT] levels >42 IU/L), 
hyperammonemia (>27.5 mg/dL), elevated creatinine (>1.7 
mg/dL), and abnormal coagulation (PT >14 s or APTT >34 s); 
radiographic findings: ultrasound findings of ascites or bright 
liver; and liver biopsy indicative of microvesicle steatosis [8]. 
The patient in Case 24 had abdominal pain, hyperbilirubine-
mia, and elevated liver enzyme levels; in the patient in Case 
28, abdominal pain, hyperbilirubinemia, an increased uric acid 
level, and increased liver enzyme levels were present, which 
are in accordance with the aforementioned criteria. However, 
AFLP was not diagnosed. Furthermore, AFLP is characterized 
by a decrease in antithrombin (AT) activity. However, AT ac-
tivity was not measured in Case 24 and AT activity was found 
to be 82% in Case 28, which was within the standard range. 
Thus, a decrease in AT activity was not observed [9]. Therefore, 
although the diagnosis of HELLP/AFLP was not confirmed in 
the 2 patients in the present study, their platelet counts were 

significantly reduced and there was no question that rapid de-
livery by emergency cesarean section was required to prevent 
disseminated intravascular coagulation.

The exact cause of HELLP syndrome remains unknown, but he-
patic ischemia due to vascular endothelial damage and spasm 
of the proper hepatic artery is considered the main patholo-
gy [10]. In the patient in Case 24, a histopathological examina-
tion of the placenta was performed, but there was no infarc-
tion; only mild chorioamnionitis was observed. Moreover, there 
were no findings suggestive of vascular endothelial damage.

The etiology of AFLP remains unknown, but there is a theo-
ry that it is caused by abnormal fatty acid metabolism during 
pregnancy. Free fatty acids increase, especially in late preg-
nancy, and promote fetal placenta development. In cases in 
which there is a defect in fatty acid metabolism in the moth-
er and fetus, metabolic intermediates may accumulate in the 
blood and hepatocytes of the mother, where they can cause 
adverse effects [11].

In the 2 patients in the present study who were suspected of 
developing HELLP/AFLP, placenta function declined for some 
reason, resulting in a decrease in hPL production by the pla-
centa. Therefore, maternal insulin resistance and the sub-
sequent requirement for insulin were believed to have de-
creased. Presumably, the decrease in hPL production caused 
stagnation of lipolysis in the liver, resulting in abnormal lip-
id metabolism, damage to the organ and vascular endotheli-
um, an increase in hepatic enzymes (AST and ALT), and a de-
crease in platelet counts.

Complications in maternal infants associated with abnormal 
glucose metabolism include large-for-dates infants, neona-
tal hypoglycemia, neonatal respiratory distress, preterm birth 
(PTB), neonatal asphyxia due to shoulder dystocia, intrauter-
ine fetal death, and congenital abnormalities [12-15]. Of the 
30 patients whose cases were examined in the present study, 
only 1 (3.3%) had PTB. The frequency of PTB in women with 
GDM is 14%. Therefore, it seems that our hospital’s GDM man-
agement was adequate [11].

The present study had some limitations. First, the sample size 
was small. In addition, important clinical and metabolic char-
acteristics were not examined, as maternal dyslipidemia and 
hPL were not assessed. Therefore, it is necessary to examine 
more cases in the future.

Conclusions

We investigated changes in insulin dosage in patients with GDM 
who required insulin. Insulin requirements usually increase in 
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late pregnancy. However, there were many cases in the pres-
ent study in which insulin requirements decreased and those 
patients developed a condition suspected to be HELLP/AFLP 
and required emergency cesarean section. However, none of 
the patients developed preeclampsia or hypertension that re-
quired hospitalization or medication.

If a pregnant woman cannot produce enough insulin, she may 
develop GDM. Conversely, if her insulin requirement decreas-
es, she may develop HELLP/AFLP. This finding suggests that 
a decrease in insulin requirement can predict HELLP/AFLP.
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