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Purpose: To identify the population susceptible to reactive hypoglycemia and explain the 
possible reasons for their susceptibility.
Methods: Ninety-four patients were divided into normal weight, overweight and obese 
groups before a 75-gram prolonged oral glucose tolerance test (POGTT). The incidence of 
reactive hypoglycemia (blood glucose ≤3.1 mmol/L or 55 mg/dL at points of 0–4 hours) was 
compared among three groups, and blood glucose and insulin levels were monitored simul-
taneously from 0 - 4 hours to assess the level of insulin resistance and insulin sensitivity. 
Furthermore, the degree of insulin resistance among three groups and within each subgroup 
(whether hypoglycemia events occurred) was compared.
Results: Among the three groups, the incidence of hypoglycemia was significantly different 
at 3 (P=0.033) and 4 hours (P=0.020). At 4 hours, the incidence of reactive hypoglycemia in 
the obese group was approximately 3 times that in the normal weight group. The insulin level 
in obese group at 4 hours was nearly 4 times higher than that in normal group, and the same 
result also exists in the same subgroup of different groups. In addition, the hypoglycemia 
subgroup of obese group had higher insulin level than non-hypoglycemia (P=0.000). The 
homeostasis model assessment of insulin resistance index increased with increasing BMI 
among the three groups (P=0.000), while the Matsuda index decreased (P=0.000). The 
comparison of the homeostasis model assessment of insulin resistance index between sub-
groups in each group showed that the P values were 0.021, 0.038 and 0.085, successively, 
and the P values for the Matsuda index were 0.019, 0.013 and 0.119, respectively.
Conclusion: Obese people has higher rate of reactive hypoglycemia than other groups in 
POGTT, in which insulin resistance may play an important role. But patients who are 
evaluated for reactive hypoglycemia need to be observed for at least 3 or 4 hours.
Keywords: reactive hypoglycemia, prolonged oral glucose tolerance test, insulin resistance, 
low-carb ketogenic diet

Introduction
Glucose is the main energy supply of the human body. It maintains dynamic 
balance under the action of various mechanisms. More or less glucose in the 
blood, that is, diabetes or hypoglycemia, will cause corresponding damage; how-
ever, compared with that caused by diabetes, the harm caused by hypoglycemia is 
more rapid and serious.1 When the plasma glucose concentration is approximately 
60mg/dL (3.3mmol/L), patients may have a series of autonomic nervous symptoms, 
including adrenergic symptoms such as tachycardia and tremor, and cholinergic 
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symptoms such as sweating, nausea and hunger. When 
the plasma glucose concentration drops to 50mg/dL 
(2.8mmol/L) or below, the energy supply of vital organs 
such as the heart and brain is insufficient, and changes in 
vision, confusion, dizziness, forgetfulness, lethargy, sei-
zures and even coma will occur.2 Hypoglycemia may be 
caused by a variety of reasons, such as increased endogen-
ous insulin or low secretion of anti-insulin hormones, and 
organic lesions such as insulinoma, proliferation of islet β 
cells, or drug-induced hypoglycemia caused by overtreat-
ment in patients with diabetes.3 But, clinically, we found 
that some nondiabetic patients often come to the clinic for 
tachycardia, cold sweats, hunger, tremor and other auto-
nomic nervous symptoms 3–4 hours after a meal, that is, at 
10:00 am and 3:00 pm. This kind of hypoglycemia is 
called reactive hypoglycemia (RH),4 which may be due 
to gastrointestinal dysfunction or insufficiency that leads 
to relative insulin secretion or increased insulin sensitivity, 
including some idiopathic functional hypoglycemia, often 
has no organic lesions; it occurs 2–5 hours after eating and 
does not easily attract attention but is a great hazard. Many 
daily activities are often disturbed by this type of hypo-
glycemic event, which is related to emotional ups and 
downs, irritability, and increased risk of falls, motor vehi-
cle accidents, hospitalization and sudden death.5,6 

Therefore, it is of great clinical value to identify and 
avoid the occurrence of hypoglycemia in these patients. 
Previous studies often focused on postprandial blood glu-
cose of 1 hour and 2 hours but rarely focused on blood 
glucose at 3 hours and 4 hours after a glucose load. 
Consequently, the main purpose of this paper was to 
compare the incidence of RH among three groups. 
Second, by comparing the levels of blood glucose, insulin 
and the degree of insulin resistance among groups and 
subgroups, the relationship between insulin resistance 
and the occurrence of hypoglycemia were clarified.

Methods
Patients Enrolled
From June 2015 to February 2020, we collected data on 141 
patients who agreed to participate and underwent a 75-grams 
oral glucose tolerance prolongation test (75g POGTT) as 
inpatients in the department of Endocrinology and 
Metabolism. The exclusion criteria were as follows: adoles-
cents under the age of 18; patients with a previous history of 
mental disorders, cancer, or major cardiovascular, respiratory, 
and gastrointestinal diseases and post-surgery; patients with an 

acute medical history or pregnancy, lactation, etc.; and patients 
diagnosed with diabetes, Cushing syndrome, or primary aldos-
terone syndrome. Finally, 94 patients were included.

Grouping
All people underwent a 75g POGTT after giving informed 
consent (in this experiment, venous blood samples were 
taken to determine blood glucose and insulin for 0–4 hours 
before and after the glucose load), and people who did not 
meet the criteria were excluded. Finally, according to the 
basic conditions of the patients included in the study and 
the criteria defined by WHO,7 the patients were divided 
into three groups: the normal weight group (body mass 
index, BMI 18.5–24.9kg/m2), the overweight group (BMI 
25–30kg/m2) and the obese group (BMI ≥30kg/m2) 
(Figure 1). The research was reviewed and approved by 
the institutional human ethics committee (QYFY WZLL 
25924) for the Affiliated Hospital of Qingdao University 
in accordance with national guidelines and the provisions 
of the Helsinki Declaration, as revised in 2000.

Data Collection
The sex, age, height, weight, glycosylated hemoglobin 
(HbA1c), blood glucose and insulin before and glucose 
load test were collected, and then in view of the accept-
ability of patients, venous blood is taken every hour and 
sent to the clinical laboratory for evaluation. The normal 
range of related indicators in our hospital clinical labora-
tory are as follows: fasting blood glucose (3.9–6.16mmol/ 
L), HbA1c (3.6–6.0%), fasting insulin (2.6–24.9 uIU/mL).

Mathematical Modeling
On the one hand, the level of insulin resistance was esti-
mated by using Homeostasis Model Assessment of insulin 
resistance (HOMA-IR) proposed by Matthews et al.8 The 
formula is as follows:

HOMA � IR index score ¼
Glu0�Ins0

22:5 

(Glu0 is fasting blood glucose in mmol/L and Ins0 is 
fasting insulin in uIU/mL).

On the other hand, the function of islet β cells and the 
sensitivity of liver and peripheral tissues to insulin were 
evaluated by Matsuda dynamic index proposed by 
Matsuda and De Fronzo.9 The formula is as follows:

Msuda index score ¼
10000

18� Glu0�Ins0�Glu mean�Ins meanð Þ̂ 1
2 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                           

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13 4718

Lv et al                                                                                                                                                                Dovepress

http://www.dovepress.com
http://www.dovepress.com


Glu0 and Ins0 are the same as above, Glu mean and Ins 
mean are the average value of blood glucose and insulin 
during the process of the POGTT, respectively. The for-
mula is:

Mean ¼
1
2 0hþ 1hþ 2hþ 3hþ 1

2 4h
4 

Statistics
The general characteristics of the data were described by 
using means and standard deviations (SD) for normally 
distributed data or by using medians and interquartile 

ranges (IQRs) for data that were skewed according to 
a test for normality. The normality evaluation of all data 
is described by Kolmogorov–Smirnov test.

In this study, hypoglycemia was defined as any blood 
glucose value ≤3.1mmol/L (55mg/dL) during the course of 
the POGTT. The correlation between the three levels of 
BMI and hypoglycemia events during the POGTT were 
analyzed by chi-square or Fisher’s exact test.

The comparison of blood glucose and insulin level between 
groups or subgroups (whether hypoglycemia occurred or not) 
should use one-way ANOVA or t tests if it accords with normal 
distribution, and nonparametric test if it does not.

Figure 1 Flow diagram outlining patient screening process and grouping.
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Because of the skewed distribution of the HOMA-IR 
index scores and Matsuda index scores, the Kruskal–Wallis 
nonparametric test of multiple independent samples was used 
to compare the differences in insulin resistance levels and 
sensitivity among the three groups of quantitative data. The 
deltas in the two groups were then compared. The insulin 
resistance indexes of the subgroups were compared within 
each group, and t tests of two independent samples were 
carried out between the two subgroups had normal distribu-
tions; otherwise, the Mann–Whitney U nonparametric test of 
two independent samples was used.

P <0.05 shows that the difference is significant. All 
data analysis and graphic production are processed by 
SPSS Statistics 22.0 and Graph-pad Prism 7.0.

Results
Overall, 94 out of 141 people participated in the study, 11 
people were excluded because they were teenagers, and 36 
people were excluded because they were finally diagnosed 
with diabetes (34 people), primary aldosterone syndrome 
(1 person) and Cushing’s disease (1 person). The participants 
were divided into three groups according to BMI. The blood 
glucose and insulin levels were monitored 0–4 hours before 
and after the POGTT, and then insulin resistance or sensi-
tivity index were calculated. The related data characteristics 
were depicted in “Table 1”. The ages of the normal weight 
group, overweight group and obese group were 46.56±12.45 
years, 45.00±13.34 years and 38.09±12.27 years, respec-
tively (P= 0.043); the obesity group was younger than the 
other groups, which is in line with the current general epi-
demiological trend. Because height and weight are related to 
BMI, there were differences among the three groups. Other 
baseline indicators, including sex (P=0.368), HbA1c 

(P=0.665) and fasting blood glucose (P=0.066), were not 
significantly different among the three groups. Fasting insu-
lin levels had obvious differences among the three groups, 
which may be related to the relative hyperinsulinemia caused 
by different levels of insulin resistance (specific analysis and 
elaboration will be made in the discussion).

Incidence of Hypoglycemia During the 
POGTT
In the course of the POGTT, the standard for hypoglycemia 
was≤3.1mmol/L (55mg/dL). There were almost no hypogly-
cemia events at 0, 1 and 2 hours, and the difference in 
hypoglycemia incidence among the groups was negligible.

However, at 3 hours, the overall distribution of hypo-
glycemia among the three groups showed a visible differ-
ence (P=0.033). The incidence of hypoglycemia in the 
obesity group (26.1%) was greater than that in the normal 
body weight group (5.9%), Fisher’s exact test showed 
P=0.051. Although the difference was not statistically sig-
nificant, it was at the critical value; compared with the 
overweight group (5.4%) (P=0.045<0.05), the difference 
was statistically significant (Table 2). In addition, 2 people 
(8.7%) in the obesity group had severe hypoglycemia and 
blood glucose ≤2.8mmol/L or 50mg/dL (P=0.058).

At 4 hours, the incidence of hypoglycemia among the 
three groups was compared (P=0.020). The incidence of 
hypoglycemia at 4 hours in the obese group (43.5%) was 
approximately three times that in the normal group 
(14.7%) (P=0.016<0.05), and the incidence in the over-
weight group (16.2%) was significantly lower than that in 
the obese group (P=0.020<0.05); there was no obvious 
difference between the normal and overweight groups 

Table 1 Data Characteristics of Participants According to Body Mass Group

Normal Weight (n=34) Overweight (n=37) Obesity (n=23) P

Age, years 46.56±12.45a 45.00±13.34a 38.09±12.27 0.043

Male, n (%) 10 (29.4) 17 (45.9) 14 (60.9) 0.059
Weight, kg 60.34±7.86a,b 77.22±7.87a 100.11±18.46 0.000

Height, cm 166.03±5.67 167.38±7.30 170.17±8.32 0.096

BMI, kg/m2 21.84±2.12a,b 27.51±1.38a 34.42±4.82 0.000
HbA1c, % 5.59±0.47 5.68±0.42 5.58±0.53 0.665

Fasting glucose, mmol/L 4.72±0.54 5.02±0.60 4.73±0.67 0.066

Fasting insulin, uIU/mL* 7.02 (4.66–10.85)a,b 13.69 (9.05–17.73)a 25.05 (12.95–36.25) 0.000
HOMA-IR index* 1.56 (0.90–2.32)a,b 3.10 (1.94–3.92)a 5.38 (2.87–8.14) 0.000

Matsuda index* 5.77 (3.91–10.89)a,b 3.57 (1.99–5.46)a 1.74 (1.42–2.96) 0.000

Notes: Values are expressed as mean ± SD, n, or percentage unless otherwise specified; *The data are described as the median (interquartile range); aSignificantly different 
from the obesity group; bSignificantly different from the overweight group. 
Abbreviations: BMI, body mass index; HbA1c, glycosylated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance.
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(Table 2). At 4 hours, the number of people with blood 
glucose ≤2.8 mmol/L or 50 mg/dL in the normal weight 
group, overweight group and obese group were 3 (8.8%), 2 
(5.4%) and 4 (17.4%), respectively, P=0.322.

Combined with the line chart (Figure 2) of the hypo-
glycemia incidence at different time points in each group, 
as BMI increased, the incidence of hypoglycemia gradu-
ally increased. The lowest hypoglycemia of normal 
weight, overweight and obesity groups were 2.59 mmol/ 
L, 2.59 mmol/L and 1.11 mmol/L respectively, and the 
obese group had more hypoglycemia and lower glucose 

level at 4 hours. However, there was no significant differ-
ence in hypoglycemia incidence between the overweight 
group and the normal weight group, which may be due to 
the relatively small sample size.

Blood Glucose and Insulin Levels Among 
Various BMI Groups
Under the condition that there was no obvious difference 
in ground glucose (Table 1), compared with the normal 
weight group, the glucose of obese group had a sharp 
decline trend, reaching the lowest value at 4 hours, while 
the group of overweight decline was relatively gentle. 
Although at 3 hours, there was no significant difference 
between normal weight group (5.21±1.57mmol/L) and 
obese group (4.51±1.33mmol/L), P=0.097, and overweight 
group (5.31±1.61mmol/L) vs obese group, P=0.051. At 4 
hours, the glucose level was 4.14±1.29, 3.99±1.04 and 
3.48±0.91mmol/L in normal weight group, overweight 
group and obesity group, respectively, among which the 
normal weight group was compared with obesity group, 
P=0.030, and the rest were with no significant difference 
between-groups (Figure 3A). In Figure 3B, the insulin in 
obesity group changed sharply and kept a relatively high 
state after glucose loading, while the overweight group 
was between the other two. With the extension of time, 
the glucose level in obesity group had almost returned to 
normal level at 3 hours, but the relatively high insulin 
level could still be observed at 4 hours, 6.94 (4.05–13.29) 

Table 2 Comparison of the Incidence of Hypoglycemia in Three Groups at Different Time Points

Normal Weight Overweight Obesity Value P

0 h 2.518 0.245

No 34 (100) 37 (100) 22 (95.7)

Yes 0 (0) 0 (0) 1 (4.3)

1 h – –

No 34 (100) 37 (100) 23 (100)

Yes 0 (0) 0 (0) 0 (0)

2 h 1.737 0.606

No 33 (97.1) 37 (100) 23 (100)

Yes 1 (2.9) 0 (0) 0 (0)

3 h 6.260 0.033
No 32 (94.1) 35 (94.6) 17 (73.9)b

Yes 2 (5.9) 2 (5.4) 6 (26.1)b

4 h 7.865 0.020
No 29 (85.3)a 31 (83.8) 13 (56.5)b

Yes 5 (14.7)a 6 (16.2) 10 (43.5)b

Notes: The limit for hypoglycemia was a glucose value ≤3.1mmol/L at any time point; All of the above are expressed as n (%); aCompared with the obesity group, P<0.05; 
bCompared with the overweight group, P<0.05. The bold P value indicates that there were statistical differences between groups, P<0.05.

Figure 2 Hypoglycemia incidence at various time points (0, 1, 2, 3, 4 hours) during 
the POGTT process within three groups were presented in line chart. 
Abbreviation: POGTT, Prolonged Oral Glucose Tolerance Test.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
4721

Dovepress                                                                                                                                                                Lv et al

http://www.dovepress.com
http://www.dovepress.com


in the normal weight, 12.42 (7.00–30.76) in the over-
weight and 23.29 (11.96–30.50) uIU/mL in the obesity 
group, with significant difference between groups 
(P=0.000).

Insulin Resistance Index Scores Among 
Various BMI Groups
As shown in Table 1, the HOMA-IR index, reflecting the 
degree of insulin resistance, and the Matsuda index, 

reflecting insulin sensitivity, were significantly different 
between groups (the overall differences were all P=0.000). 
The deltas in the two groups were then compared with the 
Kruskal–Wallis test. According to the comparison of the 
HOMA-IR index scores alone, the degree of insulin resis-
tance increased with increasing BMI (Figure 4A): the nor-
mal weight group 1.56 (0.90–2.32) versus the overweight 
group 3.10 (1.94–3.92), P=0.001; the overweight group 
versus the obesity group 5.38 (2.87–8.14), P=0.016; and 

Figure 3 Plasma glucose (A) and serum insulin (B) levels of normal weight (solid red circle), overweight (solid black square), obesity (solid blue triangle) groups in 0, 1, 2, 3, 
4 hours.

Figure 4 (A) Comparison of HOMA-IR index scores among three groups; (B) comparison of Matsuda index scores among three groups (*P<0.05; **P<0.005; ***P<0.0005). 
Abbreviation: HOMA-IR, Homeostasis model assessment of insulin resistance.
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the normal weight group versus the obesity group, P=0.000. 
Similarly, the Matsuda index, which reflects the insulin 
sensitivity of the liver and peripheral tissues, gradually 
decreased with increasing BMI (Figure 4B): the normal 
weight group 5.77 (3.91–10.89) versus the overweight 
group 3.57 (1.99–5.46), P=0.002; the overweight group 
versus the obesity group 1.74 (1.42–2.96), P=0.026; and 
the normal weight group versus the obesity group, 
P=0.000. Islet resistance is consistent with insulin level in 
“Table 1”, which always increases with BMI. Under the 
same glucose load, the higher the insulin resistance, the 
more insulin needs to be secreted to maintain blood glucose 
homeostasis.

Blood Glucose and Insulin Levels at 4 
Hours Between Subgroups (Whether 
Hypoglycemia Events Occurred) in Each 
Group
Similarly, Figure 5 is a scatter plot of blood glucose and 
insulin levels in a subgroup (taking data at 4 hours as an 
example). In the hypoglycemia subgroup, the serum insulin 
level in obesity group 24.10 (13.53–33.55) was still higher 
than that in normal weight group 10.03 (3.84–19.64) 
(P=0.039), and the overweight 21.09 (10.99–47.67) uIU/ 
mL was between them (Figure 5B), however, there was no 
significant difference in glucose level among the groups 
(P=0.208), and the values were 4.00±2.37, 3.17±0.56, 2.85 
±0.75 mmol/L respectively (Figure 5A). In like manner, the 

insulin values were 6.80 (3.89–12.82) in the normal weight, 
12.09 (6.35–24.75) in the overweight, and 23.39 (10.64–-
27.77) uIU/mL in the obesity, showing a stepwise upward 
trend in the non-hypoglycemia subgroup (P=0.003), this is 
also consistent with the results obtained by Figure 4.

In addition, we also found that there was no significant 
difference in insulin level among different subgroups of 
normal weight group (P=0.676), and the same as in blood 
glucose level between hypoglycemia and non-hypoglycemia 
subgroups (P=0.877); although there were no significant 
differences in insulin level between subgroups of overweight 
(P=0.101) and obese group (P=0.786), obvious differences 
were observed in the hypoglycemia (3.17±0.56mmol/L) vs 
non-hypoglycemia (4.22±1.03mmol/L) of the overweight 
group, P=0.009, obesity group hypoglycemia (2.85 
±0.75mmol/L) vs non-hypoglycemia (4.16±0.48mmol/L), 
P = 0.000 (Figure 5).

Insulin Resistance Index Scores Between 
Subgroups in Each Group
Since reactive hypoglycemia events mainly occurred at 3 
or 4 hours after the glucose load, within a group, people 
with blood glucose levels ≤3.1 mmol/L (55 mg/dL) at 3 or 
4 hours were classified into one subgroup, and the rest, 
who were without hypoglycemia, were classified into 
another subgroup. In the normal weight, overweight and 
obesity groups, 6, 8 and 12 people had hypoglycemia at 3 
hours or 4 hours, respectively.

Figure 5 The scatter diagram of plasma glucose and serum insulin in each subgroup at 4 hours (A and B) were shown respectively.
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The differences in the HOMA-IR scores, a static index, 
in the normal weight subgroup (P=0.021) and overweight 
subgroup (P=0.038) were significant (Table 3). Similarly, 
the differences in the Matsuda scores, a dynamic index, in 
the normal weight subgroups (P=0.019) and overweight 
subgroups (P=0.013) were marked (Table 4).

Surprisingly, in the obesity subgroups, the insulin resis-
tance difference was not statistically significant (HOMA- 
IR index score P=0.085, Matsuda index score P=0.119). 
Combined with “Table 1 and Figure 3”, it can be seen that 
the two indexes increased or decreased with increasing 
BMI, except that there was no significant difference 
between obesity subgroups.

Adverse Events
No major adverse events were observed during the study.

Discussion
Except for the symptoms of hypoglycemia, such as palpitation 
and hand shaking, that will be relieved after taking sugar again 
(4 hours later), we used ≤3.1mmol/L (55mg/dL) as the main 
cutoff for severe hypoglycemia in the three groups of people. 

In 2017, ADA Hypoglycemia Research Group suggested that 
blood glucose <54mg/dL (3.0mmol/L) was defined as severe 
and clinically significant hypoglycemia.10 However, consider-
ing the possible huge harm of hypoglycemia, that a series of 
autonomic nervous symptoms may occur in patients with 
blood glucose values ≤3.3mmol/L (60mg/dL), besides, pre-
vious studies have taken this as the standard as well,1,11,12 

3.1mmol/L (55mg/dL), which is in the middle, was selected 
as the limit.

The incidence of hypoglycemia among the three groups 
was not significantly different at 0–2 hours, while the results 
were opposite at 3 hours and 4 hours. Compared with that in 
the normal weight and overweight groups, the incidence of 
hypoglycemia in the obesity group was higher, and the 
blood glucose level was lower when hypoglycemia 
occurred. We have reason to believe that the occurrence of 
reactive hypoglycemia has a certain correlation with BMI 
grade, and with the increase in BMI grade, the incidence of 
hypoglycemia also increases. Although the difference in 
hypoglycemia incidence between the normal weight group 
and the overweight group was not obvious, there was an 
upward trend in terms of incidence alone.

Through Figure 3, it can be seen that under the same 
glucose load, overweight has higher insulin secretion than 
the normal weight group, but blood glucose decreases more 
slowly, indicating that insulin resistance may have appeared in 
overweight, which can be regarded as the transition from 
normal weight to obese people, compared with normal weight. 
The insulin level of obese patients has been in a high state, 
which shows that obese patients are not caused by islet β cell 
dysfunction, on the contrary, it may be due to insulin resistance 
in the early stage of the body leading to secondary hyperinsu-
linemia, of course, it may also be due to the untimely secretion 
of anti-insulin hormone resulting in a delayed hyperinsulin-
ism, or in the late stage of glucose load, insulin sensitivity 
recovers to a certain extent, resulting in a decrease in blood 
sugar.

Figure 5 further illustrates this problem. With the increase 
of BMI, there is no significant change in blood glucose levels 
but an upward trend in insulin levels in both hypoglycemia and 
non-hypoglycemia subgroups, which may indicate the exis-
tence of insulin resistance and then lead to hyperinsulinemia. 
In addition, there was no difference in insulin levels between 
subgroups in each group, but for the overweight and obese 
groups, there were significant differences in glucose level, 
except for normal weight group, which may be due to different 
recovery degrees of insulin sensitivity in the later stage of 
glucose load. But whatever the reasons, this phenomenon 

Table 3 Comparison of the HOMA-IR Index Among Subgroups 
with and without Hypoglycemia at 3 Hours or 4 Hours by BMI 
Group

Groups Normal Weight  

(n=34, X=6)

Overweight  

(n=37, X=8)

Obesity  

(n=23, X=12)

Hypoglycemia 3.10 (1.72–5.70) 5.91±3.47 7.51 (3.60–8.62)

No hypoglycemia 1.38 (0.86–2.13) 2.78±1.11 4.07 (2.47–5.66)

Z/F 2.304 102.027 1.723

P 0.021 0.038 0.085

Notes: HOMA-IR index comparison between subgroups with and without hypo-
glycemia within each group; n: number of individuals in each group; X: number of 
people with hypoglycemia in each group; P value in bold means P < 0.05, with 
statistical difference. 
Abbreviation: HOMA-IR, homeostasis model assessment of insulin resistance.

Table 4 Comparison of the Matsuda Index Among Subgroups 
with and without Hypoglycemia at 3 Hours or 4 Hours by BMI 
Group

Groups Normal Weight  

(n=34, X=6)

Overweight  

(n=37, X=8)

Obesity  

(n=23, X=12)

Hypoglycemia 3.54 (2.61–5.59) 2.31±1.16 1.88±1.07

No hypoglycemia 6.30 (4.46–11.22) 4.08±1.80 2.81±1.64

Z/F 2.349 3.229 1.817

P 0.019 0.013 0.119

Notes: Matsuda index comparison between subgroups with and without hypogly-
cemia within each group; n: number of individuals in each group; X: number of 
people with hypoglycemia in each group; P value in bold means P < 0.05, with 
statistical difference.
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cannot be observed in the first two hours, especially the 
decrease in glucose level at 3 and 4 hours.

Moreover, under the stimulation of the same amount of 
glucose, people with a higher degree of insulin resistance 
secrete more insulin to maintain the homeostasis of blood 
glucose, which coincides with the fact that the increase in 
insulin demand is directly proportional to weight gain.13–15 

However, the decrease in insulin sensitivity, that is the 
decrease in insulin’s ability to respond to an increase in 
blood sugar, may lead to a delay in insulin secretion;16 

relatively high insulin levels and delayed secretion of 
a large amount of insulin contribute to the occurrence of 
delayed hypoglycemia. As a result, in the alleged normal 
population, it is reasonable to suspect that insulin resistance 
may play a crucial role in delayed hypoglycemia.

In the study, we finally analyzed and compared the 
difference in insulin resistance between the two subgroups 
in each group by controlling BMI, etc. Insulin resistance 
exhibited significant differences between the two sub-
groups within the normal weight group and overweight 
group, and the subgroup with hypoglycemia had higher 
insulin resistance, which further shows the possible rela-
tionship between insulin resistance and the occurrence of 
RH. However, there was no significant difference between 
the two subgroups of the obesity group. This may be due 
to the relatively small sample size. On the other hand, it 
can be seen that insulin resistance gradually increases with 
increasing BMI, although there was no difference between 
the hypoglycemia and non-hypoglycemia subgroups in the 
obesity group, which may shows that insulin resistance of 
different degrees exists widely in obese people that has 
been proven in previous studies,15 the fact should be given 
more attention. After all, in the long run, hyperinsuline-
mia, which is an independent risk factor for type 2 
diabetes,17 is inevitable, and then the increase of insulin 
level reacts to the insulin receptors on muscle18 and fat 
cells,19 which leads to the downregulation of receptor 
sensitivity, playing a “positive feedback” role in insulin 
resistance and thus forming a vicious circle. Furthermore, 
according to reports in the literature, people who are obese 
and have a history of hypoglycemia 4 hours after meals 
may be more prone to suffer from diabetes and thrombotic 
diseases.20–22 Of course, new and larger trials are neces-
sary; at present, the limits of the HOMA-IR and Matsuda 
index to define the degree of insulin resistance are unclear. 
Although this experiment can effectively clarify the rela-
tionship between BMI and the incidence of insulin 

resistance and reactive hypoglycemia, the relatively small 
sample size is still the deficiency of this experiment.

In addition, OGTT is a crucial method of clinical diag-
nosis no matter which country in the world, while POGTT 
only extends the observation time on the original basis. The 
test itself has a strong generalizability and a certain accept-
ability of patients, besides, patients with obesity and pre- 
diabetes are everywhere, and reactive hypoglycemia lurks 
like a hidden killer. The easy-to-implement POGTT plays 
a key role in identifying and guiding follow-up interventions 
before the body forms organic diseases.

It is also necessary to mention that previous data reported 
that RH is largely influenced by patients’ diet and lifestyle 
(high carbohydrate, low fat diet, alcohol intake) and usually 
occurs 1–4 hours after meals.23 After sugar loading, 15 grams 
of carbohydrate will increase plasma glucose by approxi-
mately 75 mg/dL.24 If the increase in blood sugar is accom-
panied by insulin resistance, it may lead to excessive 
and delayed insulin secretion, resulting in relative 
hyperinsulinemia.25,26 Therefore, lifestyle change (such as 
a low-carbohydrate ketogenic diet) is still the main treatment 
method,27 although some drugs for treating diabetes, such as 
metformin, α-glucosidase inhibitor (AGI), dipeptidase-IV 
(DPP-IV) inhibitors, and glucagon-like peptide-1 receptor 
agonist (GLP-1 RA), may help people who are overweight 
or obese or who have a history of hypoglycemia.28,29

Conclusion
In short, we have reason to believe that obese people has 
higher rate of reactive hypoglycemia in POGTT than other 
groups, insulin resistance may play an important role. The 
POGTT can effectively identify early diabetes and reactive 
hypoglycemia and provide effective evaluation and screen-
ing. Patients who are evaluated for reactive hypoglycemia 
need to be observed for at least 3 or 4 hours. Incidentally, 
lifestyle changes, such as adopting a low-carbohydrate keto-
genic diet and exercising, as well as the use of appropriate 
diabetes drugs, can effectively reduce the occurrence of 
hyperinsulinemia, further improve the degree of insulin resis-
tance, prevent frequent hypoglycemia reactions, and reduce 
the risk of cardiovascular events and developing diabetes.
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