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A comparison of meal tolerance test and oral glucose tolerance test for predicting insulin therapy in patients with gestational diabetes
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Abstract

Aims: To identify factors predicting a need for insulin therapy in gestational diabetes mellitus (GDM) by comparing plasma glucose (PG) levels in a 75-g oral glucose tolerance test (75-g OGTT) with those in a 500-kcal meal tolerance test (MTT) containing 75 g of carbohydrate.

Subjects and methods: The MTT was performed in 61 patients who diagnosed with GDM by a 75-g OGTT (age, 33.2 ± 4.5 years; prepregnancy body mass index, 22.6 ± 4.7 kg/m2; number of gestational weeks, 25.1 ± 6.4 weeks). PG and serum insulin levels were measured before the meal and up to 180 min after the meal. The insulin secretion capacity and resistance index were calculated.

Results: PG levels increased from 86.8 ± 8.8 mg/dL at fasting to 132.7 ± 20.1 mg/dL at 30 min, and 137.8 ± 27.7 mg/dL at 60 min after MTT in the 35 patients with needed insulin therapy; these levels were significantly higher than those in the 26 patients, who only needed diet therapy. The patients with needed insulin therapy had significantly higher fasting PG levels in the 75-g OGTT, PG levels at fasting and 30 min after the MTT, and homeostasis model assessment of insulin resistance (HOMA-IR), and a significantly lower disposition index (DI) and insulin index than patients treated by diet alone. Receiver operating characteristic curve analysis was performed for factors involved in insulin therapy, with the following cutoff values: fasting PG in the 75-g OGTT, 92 mg/dL; PG 30 min after MTT, 129 mg/dL; HOMA-IR, 1.51; DI, 3.9; HbA1c, 5.4%. Multivariate analysis revealed that the 30-min PG level after MTT and HOMA-IR predicted insulin therapy.

Conclusion: PG levels at 30 min after MTT may be useful for identifying patients with GDM, who need insulin therapy.
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Popular scientific summary


	This study aimed to compare a 75-g oral glucose tolerance test and a 500-kcal meal tolerance test (MTT) to identify factors predicting high-risk patients with gestational diabetes mellitus (GDM) who need insulin therapy.

	Plasma glucose at 30 min after MTT and homeostasis model assessment of insulin resistance may be useful for identifying patients at high-risk GDM.



In 2010, the International Association of Diabetes and Pregnancy Study Groups proposed new criteria for the diagnosis of gestational diabetes mellitus (GDM) (1) on the basis of Hyperglycemia and Adverse Pregnancy Outcome (HAPO) study (2). In the revised criteria, the cut-off values for fasting, 1-, and 2-h blood glucose levels in the 75-g oral glucose tolerance test (75-g OGTT) changed and if any of the blood glucose values are met or exceeded, a diagnosis of GDM is made (3). With the revised criteria, 17.8% of all pregnant women are now diagnosed with GDM, and the number of patients with GDM has increased almost fourfold from when the old criteria were used (1). Other reasons for an increase in the number of GDM may be an increase in the prevalence of overweight and inactivity and dietary changes (4–6). In the HAPO study, blood glucose levels in the 75-g OGTT before and 1 and 2 h after glucose intake were independently associated with maternal and perinatal complications (2). Another study found that GDM is also a risk for future disorders of glucose metabolism in the mother (7). The main pathogenic mechanism of GDM is an increase in maternal insulin resistance due to increased secretion of insulin-resistance hormones from the placenta, necessitating increased pancreatic β-cell insulin secretion (8–10). Although abnormal glucose tolerance in GDM was previously thought to be specific to pregnancy, the risk factors for GDM are now known to be the same as those for type 2 diabetes. Pregnancy has been equated to a stress test, in which placental growth hormones expose a mother’s predisposition toward metabolic disease (7, 9, 10). Strict blood glucose control is necessary to prevent maternal and fetal complications, and the first step is the dietary therapy and exercise. In many pregnant women, GDM can be managed with diet alone, but some high-risk patients require insulin therapy because of high blood glucose levels (11). It is important to establish in the early stages of GDM whether insulin therapy is required for glycemic control. However, it is difficult to predict on the basis of 75-g OGTT results alone whether GDM will require insulin therapy (11). One possible explanation for this difficulty is that the 75-g OGTT is a simple carbohydrate load, and the increase in the blood glucose level after the 75-g OGTT is not identical to daily plasma glucose (PG) fluctuations. Some studies have revealed factors that underlie a need for insulin therapy, but no consistent predictors have been found.

In this study, we conducted a 500-kcal meal tolerance test (MTT) to determine the PG levels, and the insulin secretion capacity and resistance index. We compared the results of the MTT and 75-g OGTT between the patients with high-risk GDM who require insulin therapy and the patients who was managed by diet alone, and we evaluated the efficacy of the MTT for predicting a need for insulin therapy. In addition, we noted any complications in the infants and compared prenatal and postnatal glucose tolerance in the mothers.

Subjects and methods

This study included 61 patients with a diagnosis of GDM after a 75-g OGTT, who were admitted to our hospital for diet education and diabetic control between January 2018 and January 2019. The patients performed the 75-g OGTT because of a blood glucose level of 100 mg/dL or higher at any time in early pregnancy, a positive urine glucose, or a positive 50-g OGTT in midpregnancy, and they were diagnosed with GDM according to the new criteria (3). The 75-g OGTT at the time of diagnosis included only three-time measurements: immediately before, and 60 and 120 min after glucose consumption. We excluded patients who were started on insulin therapy before hospitalization or who had a diagnosis of diabetes before pregnancy and at the time of pregnancy. Patients with twins or who were taking ritodrine were also excluded. Patients with food allergies and gastro-intestinal disease were excluded. All participants provided a written informed consent.

In the MTT, after fasting overnight, patients ate a meal consisting of rice, scrambled eggs, braised radish, and yogurt (53% carbohydrate, 12% protein, and 25% fat), adjusted to 500 kcal and containing 75 g of carbohydrate, within approximately 15 min in the early morning on the second day of hospitalization. Blood samples were taken before the meal and 30, 60, 120, and 180 min after and used to assess PG and serum immune-reactive insulin (IRI) levels. The insulin resistance index was calculated from the homeostasis model assessment of insulin resistance (HOMA-IR) (fasting IRI [μU/mL] × fasting glucose [mg/dL]/405), and Matsuda index (calculated by using the online form available at http://mmatsuda.diabetes-smc.jp/MIndex.html) (12). The Matsuda index is an insulin sensitivity index derived from the ratio of PG to insulin concentration during an oral tolerance test (12, 13). Insulin secretion capacity index was calculated from the insulin index ([IRI 30 min after tolerance – fasting IRI]/[PG 30 min after tolerance – fasting PG]) and disposition index (insulin index × Matsuda index) (14). The area under the curve (AUC) for blood glucose and IRI over 120 and 180 min during the MTT and the AUC over 120 min for blood glucose during the 75-g OGTT were determined by the trapezoidal method (15). Clinical characteristics included age, number of weeks of gestation, body mass index (BMI) before pregnancy, weight gain until hospitalization, family history of diabetes in first- or second-degree relatives, and number of abnormal glucose values in the 75-g OGTT at the time of GDM diagnosis.

The diet after hospitalization was set at a total daily energy level of 30 kcal × standard body weight for overweight patients with a prepregnancy BMI ≥25 kg/m2. Patients with GDM who had a prepregnancy BMI below 25 kg/m2 were allowed to consume an additional 250 kcal regardless of the number of weeks of gestation. Patients whose postprandial blood glucose levels exceeded the target were given five or six divided meals. Blood glucose was measured by fingertip blood glucose measurement just before each meal and 2 h after each meal. Target blood glucose levels were 70–100 mg/dL before a meal and <120 mg/dL 2 h after. Insulin therapy was started in patients whose blood glucose exceeded the target levels at least twice. If premeal blood glucose levels exceeded the target, we administered insulin detemir (long-acting insulin), and if postprandial glucose levels exceeded the target, we administered insulin aspart (ultra-short-acting insulin). The insulin dose was increased by one to two units until target blood glucose levels were reached.

If the patients delivered in our hospital, we measured the birth weight and assessed for neonatal hypoglycemia. A 75-g OGTT was also performed in these patients 3 months after the delivery.

This study was conducted in accordance with the Declaration of Helsinki and was approved by our institutional review board (Saiseikai Yokohamashi Tobu Hospital Ethics Committee, approved on January 22, 2020, approval no. 20190117). In addition, the purpose and content of the study were fully explained in writing to the participants and their consent was obtained before the study was conducted.

Statistical analysis

All data are presented as mean ± standard deviation (SD). To compare the MTT data over time, we used a repeated measures of analysis of variance (ANOVA) followed by Dunnett’s multiple comparison. Numerical data were compared between groups with a t test or Mann–Whitney U test. Pearson’s correlation coefficient was used for correlation analyses. We used receiver operating characteristic (ROC) analysis to analyze the factors involved in insulin therapy and to calculate the sensitivity and specificity with respect to each optimal cutoff. To identify predictive risk factors for insulin therapy, we performed a multivariate logistic regression analysis and calculated odds ratios with 95% confidence interval. In this study, two-sided P < 0.05 was considered significant. All statistical analyses were performed using SAS JMP version 11 (SAS Institute Inc., Cary, NC, USA).

Results

Patient background

The age of the patients studied was 33.2 ± 4.5 years; 24 patients were older than 35 years old and 37 were younger than 35 years. The prepregnancy BMI was 22.6 ± 4.7 kg/m2; 12 patients were overweight, with a prepregnancy BMI ≥27 kg/m2, and 49 were nonobese patients with a prepregnancy BMI of <27 kg/m2. Weight gain to hospitalization was 4.7 ± 3.4 kg (0–15 kg). The number of weeks of gestation was 25.1 ± 6.4 weeks (12–35 weeks): <24 weeks in 18 patients and ≥24 weeks in 43 patients. Thirty-one of the 61 patients had a family history of diabetes in first- or second-degree relatives. Glycated hemoglobin (HbA1c) was 5.3 ± 0.5%, and the number of abnormal glucose values in the 75-g OGTT at the time of GDM diagnosis was one in 34 patients, two in 17 patients, and three in 10 patients. Thirty-five of the 61 patients required insulin therapy, with a daily insulin requirement of 7.7 ± 11.4 units/day (3–49 units/day).

Changes of PG and IRI levels during MTT in the insulin and diet therapy group

In the insulin therapy group, the PG level increased from 86.8 ± 8.8 mg/dL at fasting to 132.7 ± 20.1 mg/dL at 30 min and 137.8 ± 27.7 mg/dL at 60 min after the meal, which was the mean peak value. After 180 min, the level then decreased to 110.9 ± 20.0 mg/dL, but these values remained higher than the fasting PG level. In the diet therapy group, the PG level increased from 82.7 ± 6.0 mg/dL at fasting to 122.2 ± 17.8 mg/dL at 30 min and 125.0 ± 22.3 mg/dL at 60 min after the meal; these values were significantly lower (P < 0.05) than those in the insulin therapy group. The time to reach the peak PG level after the meal was 30 min in 23 patients, 60 min in 30 patients, and 90 min in eight patients. No significant differences were seen between the insulin and diet therapy groups in the time to reach the peak PG levels. Serum IRI levels at fasting and 120 min after a meal were significantly higher in insulin therapy group than those in the diet group (6.4 ± 2.8 vs. 4.6 ± 3.0 μU/mL at fasting, and 47.3 ± 27.7 vs. 32.6 ± 20.4 μU/mL at 120 min, P < 0.01) (Fig. 1).

Fig. 1.  Changes in plasma glucose and serum insulin levels during meal tolerance test in the insulin therapy group and diet therapy group.

Insulin therapy group vs. diet therapy group, *P < 0.05, **P < 0.01.

Values are mean ± SD.
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Association of MTT and 75-g OGTT at the time of GDM diagnosis

We examined whether the results of the MTT correlated with those of the 75-g OGTT performed at the time of diagnosis. In the insulin therapy group, the 120-min AUC for PG during the MTT showed significant positive correlations with the fasting, 1- and 2-h PG levels in the 75-g OGTT, and the 180-min AUC for PG during the MTT showed a positive correlation with the fasting and 1-h PG levels in the 75-g OGTT. Furthermore, the fasting PG in the 75-g OGTT was significantly positively correlated with HOMA-IR, and significantly negatively correlated with the Matsuda index, an index of insulin resistance. The insulin index and disposition index (DI) were not significantly related to 75-g OGTT PG levels. Meanwhile, in the diet therapy group, PG levels in the 75-g OGTT did not show a relationship with PG levels in the MTT, insulin resistance, or secretion index. We found no significant difference in insulin resistance or secretion capacity in the MTT between the patients diagnosed with GDM before (n = 18) and those diagnosed after (n = 43) 24 weeks of pregnancy (Table 1).





Table 1.Relationship between meal tolerance test and 75-g oral glucose tolerance test (OGTT) in the insulin therapy group


	
	Insulin therapy group n = 35



	75-g OGTT



	Fasting PG mg/dl
	At 60 min PG mg/dl
	At 120 min PG mg/dl
	120-min PGAUC mg·min/dl





	MTT



	120-min PGAUC (mg·min/dl)
	No significant relationship (NS)
	R = 0.48*
	R = 0.38*
	NS



	180-min PGAUC (mg·min/dl)
	R = 0.38*
	R = 0.52*
	NS
	NS



	HOMA-IR
	R = 0.45*
	NS
	NS
	NS



	Matsuda Index
	R = -0.46*
	NS
	NS
	NS



	Insulin Index
	NS
	NS
	NS
	NS



	Disposition Index
	R = -0.38*
	NS
	NS
	NS



	Note: 120 min PGAUC: area under the plasma glucose curve over 120 min; 180 min PGAUC: area under the plasma glucose curve over 180 min.
*p < 0.001, Values are mean ± SD.





Risk analysis of factors affecting the requirement for insulin therapy

There were no significant differences in age, prepregnancy BMI, or number of weeks of gestation between the 35 patients on insulin therapy and the 26 patients on diet therapy. In contrast, the HbA1c level and fasting PG in the 75-g OGTT were significantly higher in the insulin therapy group than in the diet therapy group. No significant difference was seen in the positive number of abnormal values in the 75-g OGTT; however, insulin therapy was required in 9 of 10 patients with three abnormal values. The AUC values for PG over 120 and 180 min during the MTT showed no significant differences between the two groups. In the insulin therapy group, HOMA-IR was significantly higher than in the diet group, but the insulin index and DI were significantly lower (Tables 2).





Table 2.Comparison of clinical characteristics and metabolic indicators between insulin therapy group and diet therapy group


	
	Insulin group n = 35
	Diet group n = 26
	P





	Age at GDM (years)
	33.7±4.7
	32.4±4.8
	0.2861



	Pre-pregnancy BMI (kg/m2)
	23.3±3.8
	22.7±4.6
	0.5696



	Number of week of gestation (week)
	25.7±6.2
	24.3±6.7
	0.4139



	Increase in body weight (kg)
	5.21±3.40
	4.06±3.40
	0.1960



	Family history of DM (+/-)
	21/14
	10/16
	0.0948



	HbA1c (%)
	5.4±0.5
	5.1±0.3
	0.0164*



	75-g oral glucose tolerance test (OGTT) Fasting plasma glucose (PG) (mg/dl)
	95.4±8.5
	90.1±10.8
	0.0366*



	75-g OGTT at 60 min PG (mg/dl)
	179.1±41.1
	171.3±29.8
	0.4151



	75-g OGTT at 120 min PG (mg/dl)
	154.2±38.0
	155.5±28.3
	0.8872



	75-g OGTT 120-min PGAUC (mg·min/dl)
	1761.2±1107.8
	1970.4±1066.1
	0.4694



	Number of abnormal glucose values in 75-g OGTT (points)
	1.71±0.86
	1.46±0.58
	0.1766



	Meal tolerance test (MTT) 120-min PGAUC (mg·min/dl)
	4681.7±2089.2
	3897.7±1726.4
	0.1246



	MTT 180-min PGAUC (mg·min/dl)
	7192.3±3394.7
	5889.2±2841.7
	0.1180



	MTT 180-min IRIAUC (μU·min/ml)
	5134.1±2270.5
	4407.8±1978.0
	0.1937



	HOMA-IR
	1.41±0.68
	0.96±0.68
	0.0127*



	Matsuda Index
	7.65±5.3
	9.78±5.0
	0.1195



	Insulin Index
	0.70±0.66
	1.00±0.48
	0.0490*



	Disposition Index
	5.39±2.9
	10.37±8.0
	0.0051**



	Note: 75-g OGTT 120-min PGAUC: area under the plasma glucose curve over 120 min during the 75-g OGTT; MTT 120-min PGAUC: area under the plasma glucose curve over 120 min during the MTT; MTT 180-min PGAUC: area under the plasma glucose curve over 180 min during MTT; MTT 180-min IRIAUC: area under the serum insulin curve over 180 min during MTT.
* p < 0.05, ** p < 0.01. Values are mean ± SD.





The ROC analysis of the factors involved in insulin therapy showed that the following parameters were significant (cutoffs in parentheses): OGTT fasting PG (92 mg/dL); MTT 30-min PG (129 mg/dL); HOMA-IR (1.51); DI (3.9); HbA1c (5.4%). The specificities of HOMA-IR, the DI, and HbA1c were high, but the sensitivities were low. In contrast, the sensitivities of 75-g OGTT fasting PG and MTT 30-min PG were high. The specificity was higher for MTT 30-min PG levels than for 75-g OGTT fasting PG levels with almost the same ROC areas (Table 3 and Fig. 2). To identify clinical factors that predict a need for insulin therapy, we performed multivariate logistic analysis for the five variables with a significant ROC areas, as shown in Table 3. Each variable was dichotically expressed according to the cutoff, as shown in Table 3. The 30-min PG in the MTT and HOMA-IR were identified by backward elimination methods as factors that predict a need for insulin therapy (Table 4).





Table 3.Receiver operating characteristics curve of risk factors identified as predictive of insulin therapy


	
	ROC
	Optimal cut-off



	AUC
	p-value
	Cut-off value
	Sensitivity (%)
	Specificity (%)





	75-g OGTT Fasting PG (mg/dl)
	0.693
	0.0056**
	92
	77
	54



	MTT Fasting PG (mg/dl)
	0.614
	0.1153
	90
	31
	92



	MTT at 30 min PG (mg/dl)
	0.646
	0.0458*
	129
	66
	69



	MTT at 60 min PG (mg/dl)
	0.632
	0.0667
	144
	43
	85



	HOMA-IR
	0.730
	0.0006***
	1.51
	46
	92



	Insulin Index
	0.630
	0.0884
	0.63
	43
	77



	Disposition Index
	0.735
	0.0002***
	3.90
	38
	96



	HbA1c (%)
	0.659
	0.0296*
	5.40
	47
	83



	OGTT: oral glucose tolerance test; PG: plasma glucose; MTT: meal tolerance test; ROC: receiver operating characteristics; AUC: area under the curve.
*p < 0.05, **p < 0.01, ***p < 0.001









Table 4.Risk factors identified as predictive of insulin therapy in stepwise multiple logistic regression analyses


	Dichotic variables
	Odds ratio
	95%CI
	p value





	1) All variables



	75-g OGTT Fasting PG
	3.4584
	0.9596–12.4682
	0.0579



	MTT at 30 min PG
	3.9604
	1.0251–15.3013
	0.0459*



	MTT at 60 min PG
	0.7665
	0.1672–3.5138
	0.7321



	Disposition Index
	0.5026
	0.0972–2.997
	0.4119



	HOMA-IR
	3.6133
	0.8946–14.5942
	0.0713



	2) Stepwise variable selection (backward elimination)



	MTT at 30 min PG
	4.3537
	1.2985-14.5974
	0.0172**



	HOMA-IR
	5.4992
	1.6582-18.2372
	0.0053**



	OGTT: oral glucose tolerance test; PG: plasma glucose, MTT: meal tolerance test.
*p < 0.05, **p < 0.01.





Fig. 2.  Receiver operating characteristics curve for fasting plasma glucose in 75-g OGTT, 30-min plasma glucose in MTT, HbA1c levels, HOMA-IR, and disposition index.

OGTT: oral glucose tolerance test; PG: plasma glucose; MTT: meal tolerance test.
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Infant complications and postnatal OGTT results

Fifty-four patients delivered in our hospital. There was one case of hypoglycemia and one case of asphyxia in the neonates, but no malformations were found. Only one infant weighed more than 4,000 g. Within 3 months of delivery, the 75-g OGTT was performed in the 52 mothers; of these, 45 mothers had normal glucose tolerance (NGT), six had impaired glucose tolerance (IGT), and one mother was diagnosed with diabetes. We compared the PG levels at 30 min in the MTT performed before delivery between the 45 patients with NGT and the six patients with IGT and found that the PG levels in the MTT performed during pregnancy were significantly higher in the patients with IGT than in those with NGT (138.5 ± 35.2 mg/dL vs. 125.2 ± 15.6 mg/dL; P < 0.01). HOMA-IR from the MTT performed during pregnancy was significantly higher in the patients with IGT than in those with NGT (1.28 ± 0.70 vs. 1.12 ± 0.67; P < 0.05).

Discussion

Glucose intolerance during pregnancy, even mild intolerance, is a risk for adverse perinatal outcome (2). The HAPO study found that the change in the cut-off value for blood glucose levels in the 75-g OGTT has led to an increase in the number of patients diagnosed with GDM (1, 3). Opinions on how to manage this increase vary from one institution to another; this is particularly true regarding how to deal with mildly impaired glucose intolerance in an OGTT result (16, 17). Physicians need to establish at the time of diagnosis of GDM whether insulin therapy is required for glycemic control. In previous studies, risk factors for insulin therapy in patients with three abnormal values in the OGTT results were similar to those identified in the present study (18). However, some patients were treated with insulin even if they had only one abnormal value in a 75-g OGTT result or mild glucose intolerance, making it difficult to identify high-risk GDM on the basis of OGTT results alone. This may be because the 75-g OGTT is a simple carbohydrate tolerance test, which is useful for detecting GDM, but the resulting blood glucose pattern differs from that observed during daily food intake (19). Therefore, in patients diagnosed with GDM, we compared the usefulness of MTT that included 75 g of carbohydrate and 75-g OGTT at a diagnosis of GDM in predicting the need for insulin therapy. We analyzed the risk factors for insulin therapy, including clinical parameters, blood glucose levels, and insulin resistance and secretion capacity. In almost all patients, the peak PG values during the MTT were at 30 or 60 min. PG levels during the MTT were well correlated with PG levels during the 75-g OGTT only in the insulin therapy group, however, these relationship were not observed in the diet therapy group. The reason for this discrepancy is unclear, but it might be due to a mild change of postprandial PG levels during the MTT in the diet therapy group (20). Furthermore, fasting PG levels in the 75-g OGTT correlated well with insulin resistance and secretion parameters only in the insulin therapy group.

In the ROC analysis, significant factors predictive of insulin therapy were fasting PG levels in the 75-g OGTT, PG levels 30 min after MTT, the HOMA-IR, DI, and HbA1c. The specificity of HOMA-IR, the DI, and HbA1c was high, but the sensitivity was low. In contrast, fasting PG levels in the 75-g OGTT and PG levels 30 min after MTT had low specificity and relatively high sensitivity. In the ROC analysis, the cut-off value for fasting PG in the 75-g OGTT was 92 mg/dL. Some previous reports showed that abnormal fasting PG levels in the 75-g OGTT are a risk factor for GDM and insulin therapy (21, 22). The present study also found that fasting PG levels in the 75-g OGTT were a risk factor for insulin therapy and fasting PG were correlated with insulin resistance. In this study, PG levels at 30 min after MTT might be selected for the risk factor need for insulin therapy though the mechanism of insulin resistance. The cut-off value for 30-min postprandial PG in the MTT was 129 mg/dL. The sensitivity of the 30-min postprandial PG level in the MTT was the same as the 75-g OGTT fasting glucose level; however, the specificity was relatively high, so the 30-min postprandial PG level in the MTT is considered to have high predictive validity for insulin therapy. Unfortunately, we are unable to compare 30-min postprandial PG level in the MTT with the 30-min glucose level in the 75-g OGTT, because we did not measure PG at 30 min in the 75-g OGTT. It is the limitation of this study. Together with HOMA-IR, the 30-min postprandial PG level in the MTT was selected as a risk factor for insulin therapy in the multivariate analysis. Some previous reports suggested that postprandial blood glucose levels predict the need for insulin therapy (19, 23). In addition, like the present study, some studies found that HbA1c, HOMA-IR, and the DI are predictors of insulin therapy (24).

Abnormal glucose tolerance in pregnancy is mainly caused by increased insulin resistance (9, 25) due to placenta-derived factors such as lactogen and prolactin, obesity, and inhibition of insulin signaling (9, 26). The pathogenesis of IGT in early pregnancy, when the placenta is still incomplete, may be different to that in mid-term and later pregnancy (25), but the details have not yet been elucidated. Insulin secretory capacity was found to increase during pregnancy to counteract increased insulin resistance, a process that may be important for maintaining NGT (27). This finding suggests that GDM can be used to predict not only specific metabolic abnormalities caused by pregnancy but also the patient’s future glucose tolerance of the patient (7, 9). Pancreatic β cells proliferate in the islets of Langerhans during pregnancy to increase insulin secretion in response to insulin resistance (28, 29). The relationship between insulin sensitivity and insulin secretion from pancreatic β cells is hyperbolic; therefore, if pancreatic β-cell function is equivalent, the product of insulin sensitivity and secretion (the DI) remains constant (30). However, in patients with IGT, the insulin sensitivity–secretion response curve is shifted to the left, and the DI is lower (30, 31, 32). In the present study, HOMA-IR was significantly higher and the DI was significantly lower in patients with GDM requiring insulin therapy than in those who managed their GDM with diet alone, which is consistent with previous reports (6, 24). In addition, the insulin index was also low in the group treated with insulin, suggesting that early insulin secretion capacity is reduced in high-risk GDM who require insulin therapy. This finding indicates that reduced insulin secretion capacity in response to insulin resistance is an important background factor in high-risk patients requiring insulin therapy. In this study, we found no significant differences in insulin resistance or secretion capacity between patients whose GDM was diagnosed in the first 24 weeks of pregnancy and those whose GDM was diagnosed later, and the study was unable to determine these pathologies in early pregnancies.

In the present study, the postprandial PG levels in the MTT peaked at 30 or 60 min and remained high, that is, they did not return to the premeal value even after 180 min. IRI also peaked at 60 min. The targets of blood glucose control during pregnancy are a fasting blood glucose below 95 mg/dL and a 2-h postprandial blood glucose below 120 mg/dL (33); however, in this study, the levels peaked at 30 or 60 min after the meal in the MTT. In recent years, a continuous glucose monitoring system has been developed to study blood glucose fluctuations in detail during pregnancy (34); however, an MTT is useful for assessing postprandial blood glucose levels and identifying high-risk patients requiring insulin therapy (19, 22). Further research is needed to determine whether the GDM control target for blood glucose 2 h after a meal is adequate. Furthermore, postprandial hyperglycemia is related to the amount of carbohydrates in a meal, and both a low-glycemic and a divided diet may be useful in controlling it (35).

During pregnancy, high PG levels at 30 min in an MTT and a high HOMA-IR may predict abnormal glucose tolerance in the 75-g OGTT after delivery. In particular, PG levels at 30 min in an MTT may not only predict high-risk GDM requiring insulin therapy but also contribute to predicting postpartum glucose intolerance. GDM is implicated in long-term maternal metabolic disorders and the development of cardiovascular disease (36, 37). The present results also suggest that insulin resistance and postprandial hyperglycemia in high-risk GDM patients may be risk factors for future metabolic disorders and cardiovascular disease.

Conclusion

To examine the clinical background of pregnant women at high risk for requiring insulin therapy, 61 patients with GDM were given a 500-kcal MTT containing 75 g of carbohydrates. The results were compared with PG levels in the 75-g OGTT performed at the time of diagnosis. A need for insulin therapy was predicted by a fasting PG level of 92 mg/dL in the 75-g OGTT, a PG level of 129 mg/dL 30 min after the MTT, a HOMA-IR of 1.51, a DI of 3.9, and an HbA1c of 5.4%. In patients with GDM, a blood glucose level at 30 min after the MTT was predictive of IGT in a postpartum 75-g OGTT. The findings of this study had some limitations, which are as follows: (1) the number of patients was small; (2) the sample consisted of patients with GDM who required hospitalization; (3) the numbers of patients in the early and late stages of pregnancy were unequal; and (4) 30-min glucose levels were not measured in the 75-g OGTT, so these values could not be compared with the 30-min postprandial PG level in the MTT. Further studies in large samples will be necessary in future.
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