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Abstract: Reactive postprandial hypoglycemia (RPH) is an understudied condition that lacks clinical
definition, knowledge of future health implications, and an understanding of precise underlying
mechanisms. Therefore, our study aimed to assess the glycemic response after glucose ingestion in
individuals several years after the initial evaluation of RPH and to compare glucose regulation in
individuals with RPH vs. healthy volunteers. We assessed the inter- and intra-individual differences
in glucose, insulin, and C-peptide concentrations during 5-h oral glucose tolerance tests (OGTTs);
the surrogate markers of insulin resistance (HOMA-IR and Matsuda index); and beta-cell function
(distribution index and insulinogenic index). The study included 29 subjects with RPH (all females,
aged 39 (28, 46) years) and 11 sex-, age-, and body mass index (BMI)-matched controls. No biochemical
deterioration of beta-cell secretory capacity and no progression to dysglycemia after 6.4 ± 4.2 years
of follow-up were detected. RPH subjects were not insulin resistant, and their insulin sensitivity
did not deteriorate. RPH subjects exhibited no differences in concentrations or in the shape of the
glucose-insulin curves during the 5-h OGTTs compared to age- and BMI-matched controls. No
increased incident type 2 diabetes risk indices were evident in individuals with RPH. This dictates
the need for further research to investigate the magnitude of future diabetes risk in individuals
experiencing RPH.

Keywords: oral glucose tolerance test; diabetes screening; insulin resistance; insulin sensitivity;
beta-cell function; reactive postprandial hypoglycemia

1. Introduction

The most common cause of non-diabetic hypoglycemia in a seemingly healthy individ-
ual is reactive hypoglycemia, also referred to as reactive postprandial hypoglycemia (RPH),
idiopathic reactive hypoglycemia, or postprandial hyperinsulinemic hypoglycemia syn-
drome [1–3]. RPH is characterized by adrenergic and neuroglycopenic symptoms occurring
2–5 h following carbohydrate ingestion [2,4]. The future health implications and prevalence
of RPH in the general population are rarely estimated [5]; rare reports state that it is experi-
enced by up to 40% of women [6,7]. Symptoms, associated with RPH, can be effectively
reduced by interventions focused on healthy modifications in dietary habits that may re-
duce the severity of postprandial symptoms attributed to hypoglycemia [8]. Nevertheless,
RPH is a common cause for referral to an endocrinologist where an extensive diagnostic
evaluation is frequently needed to exclude an organic cause of hypoglycemia [1,4,9,10].

The underlying mechanisms of hypoglycemia in the absence of diabetes remain
controversial and employ aberrations in the hormonal milieu ranging from the entero-
insular axis to renal glucosuria [2,11]. However, it is most commonly hypothesized that
RPH occurs due to an excessive or delayed insulin response to a glucose load [12,13] and
altered insulin sensitivity [14]; it could, therefore, represent one of the first manifestations of
a glucose-regulation defect. Consequently, RPH is historically associated with an increased
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risk of later type 2 diabetes development [2,3,14]. In addition, subjects who experience
hypoglycemia frequently engage in obesogenic behaviors to avoid symptoms, which could
also add to the increased type 2 diabetes risk [6]. Thus, it is advantageous to identify
metabolic dysfunction before type 2 diabetes onset in order to implement preventative
strategies, diabetes screening [15] and to offer RPH-experiencing subjects a piece of reliable
lifestyle advice.

Therefore, we aimed to understand more in detail the glycemic response after glucose
ingestion and to exploit the information obtained with a 5-h OGTT to estimate insulin sensi-
tivity and beta-cell function in individuals with RPH. In addition, we compared the glycemic
response of individuals several years after the initial evaluation of RPH and sought to assess
the risk for possible new-onset type 2 diabetes cases. Furthermore, we compared the glycemic
response to the glucose load of individuals with RPH to healthy volunteers.

2. Methods

The present study had a prospective cohort design. The medical files of all the
individuals that were referred to the outpatient clinic of Department of Endocrinology,
Diabetes and Metabolic Diseases, University Medical Centre Ljubljana, under the suspicion
of non-diabetic hypoglycemia from January 1994 to December 2017 (n = 198) were reviewed
(Scheme 1). Subjects who were diagnosed with RPH after evaluation at the outpatient
clinic in the described time window were invited for a follow-up examination to redefine
glycemic response and identify possible new-onset type 2 diabetes cases. To ensure a
greater homogeneity of the group, we invited only females, who predominated among
individuals with RPH (80%). The exclusion criteria were impaired fasting glucose (IFG)
and impaired glucose tolerance (IGT) at the time of presentation, pregnancy, history of any
gastrointestinal surgery that induces malabsorption, and history of other identified conditions
that cause hypoglycemia (malignancy, infection, adrenal insufficiency, and untreated thyroid
disease). Reasons for the non-inclusion of the remaining patients were the following: refusal
to participate, lack of contact information, lack of response to a written invitation, and lack of
baseline insulin or glucose concentrations during the OGTT (Scheme 1).
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In parallel, a group of healthy individuals without a history of RPH was invited to
participate in the study, considering the basic characteristics of the examinees (female
gender, average age, BMI, and lack of significantly associated diseases). The control group
of healthy individuals was composed of staff, relatives, and acquaintances of healthcare
workers at the clinical department.

Ethical approval was obtained from the Slovenian National Ethical Committee (No.
0120–706/2017/4.3). All the subjects were informed of the aims of the study, which was
conducted following the Declaration of Helsinki. Written informed consent was obtained
from each included individual before entering the study.

2.1. Definition of Clinical and Laboratory Characteristics

In the prospective part of the study, a detailed personal history was taken, and a clinical
examination was performed, including basic anthropometric measurements, such as body
weight, height, body mass index (BMI), waist and hip circumference, blood pressure, and
heart rate.

A spectrum of laboratory analyses was performed, including a 5-h OGTT with 75 g of
glucose and the determination of serum glucose (mmol/L), insulin, and C-peptide after
0, 30, 60, 120, 180, 240, and 300 min. Blood glucose concentration was analyzed with an
automatic Avria LabCell-Siemens system. Insulin and C-peptide were assayed using an
enzyme-labeled chemiluminescent immunometric assay (Siemens Healthcare Diagnostics,
Deerfield, IL, USA) and were expressed in mU/L and nmol/L, respectively. The follow-
ing were the references laboratory values: serum insulin concentration (fasting state) of
2–17.2 mU/L; serum C-peptide concentration (fasting state) of 0.3–2.4 nmol/L. Glycated
hemoglobin was measured using high-performance liquid chromatography with a BioRad
D-100 automatic analyzer. Hypoglycemia was defined as a venous-blood glucose concen-
tration of 3.5 mmol/L or lower, accompanied by the signs and symptoms of hypoglycemia
and the following resolution after the ingestion of carbohydrates (Whipple triad).

Five-hour OGTTs
The participants were advised to comply with three days of unlimited carbohydrate

intake before the OGTT. The test was performed between 7 and 9 a.m., following 10 h
of fasting. The subjects ingested 75 g of glucose dissolved in 250 to 300 mL of water
within 5 min. The first blood sample was taken before the ingestion of glucose solution (in
0. min) and then at the 30th, 60th, 120th, 180th, 240th, and 300th minute. In the event of
hypoglycemia occurrence during the test, the test was terminated prematurely, and a blood
sample was taken again to determine serum glucose, insulin, and C-peptide concentrations.

Various indices of insulin sensitivity, insulin resistance, and beta-cell secretory function
were calculated using the data from the OGTTs.

Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) [16] is a widely
used index for assessing insulin resistance. The index assumes a constant balance between
beta-cell insulin and steady-state hepatic glucose release. The normal range of values is
less than 2.5. Fasting glucose and insulin concentrations were used for the calculation of
the following equation:

HOMA-IR = (glucose concentration in 0. min (mmol/L) × insulin concentration in 0. min (mU/L))/22.5

The Matsuda index [17] is an insulin resistance index that represents both hep-
atic insulin resistance and peripheral tissue resistance to insulin. Values greater than
4.3 represent normal whole-body insulin sensitivity. The following equation was used for
the calculation:

MATSUDA INDEX = (10 000)/
√

((glucose concentration concentration in 0. min (mmol/L)
× insulin concentration in 0. min (mU/L) × average glucose concentration during 5-h OGTT test (mmol/L)

× average insulin concentration during 5-h OGTT test (mU/L)))
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Insulin secretion and thus the function of beta cells can be assessed using the disposi-
tion index and the insulinogenic index (IGI index) [18,19]. The equations for calculating
both indices are the following:

INSULINOGENIC INDEX (IGI INDEX) = (insulin concentration in 30th min (mU/L)
− insulin concentration in 0. min (mU/L))//((glucose concentration in 30th min (mmol/L)

− glucose concentration in 0. min (mmol/L)))
(1)

Defect in insulin secretion if < 0.4 [20].

DISPOSITION INDEX = IGI/(HOMA-IR) (2)

Normal range > 1 [18,19].

2.2. Statistical Analysis

Variables were checked for normal distribution using the Kolmogorov–Smirnov test.
The normally distributed variables were reported as averages ± standard deviation (SD).
Non-normally distributed variables were reported as medians (25th and 75th percentiles).
To analyze the differences in individuals who were invited to a repeated 5-h OGTT and to
assess possible changes in the pattern of insulin secretion and blood glucose concentrations,
we used Student’s paired t-test. We used the Mann–Whitney U test or the chi-square test for
non-normally distributed variables. A p-value of less than 0.05 was determined as the limit
of statistical significance. Due to the preliminary nature of the study, it was not possible to
calculate the sample size needed to obtain a power greater than 80% with an α error of less
than 5%. Data were reported and analyzed using the statistical computer program SPSS 23
(Statistical Package for Social Sciences; version 23.0; SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Characteristics of the Cohort of Individuals with RPH

Initially, 113 female patients were diagnosed with RPH from January 1994 to December
2017 at the University Medical Centre Ljubljana outpatient clinic. The most prevalent
symptoms at their presentation were: trembling (41%), sweating (37%), weakness (28%),
nausea (28%), hunger (17%), vertigo (17%), fatigue (11%), blurred vision (8%), palpitations
(6%), and/or headache (4%). The study population was exclusively female, with median
age of 39 (28, 46) years, who were re-evaluated 6.4 ± 4.2 years after their initial visit to
the clinic. At the time of follow-up, the following values were recorded: mean systolic
blood pressure of 107 ± 10 mmHg and diastolic blood pressure of 70 ± 7 mmHg, and waist
circumference of 84.9± 12.7 cm and hip circumference of 102.8± 9.0 cm, which added up to a
waist-to-hip ratio (WHR) of 0.82 ± 0.11. Their BMI was numerically higher, but the difference
was not statistically significant. However, HbA1c was significantly lower at the follow-up
visit. No significant differences in the indices of insulin sensitivity or resistance were noted.
Detailed relevant characteristics of the study population are presented in Table 1.

Positive family history of diabetes was present in 48%. Of the concomitant diseases,
the most common were gastroesophageal reflux disease (17%), mental disorders (depres-
sion, 17%), thyroid disease (13%), polycystic ovary syndrome (PCOS) (10%), and asthma
(7%). Pharmacotherapy of comorbidities in RPH participants is listed by frequency in
Supplementary Table S1.
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Table 1. Anthropometric and biochemical characteristics of subjects with RPH (n = 29) at baseline
and at the follow-up visit after on average 6.4 ± 4.2 years.

Baseline Visit Follow-Up Visit

Variable Value p-Value

Body weight (kg) 67.6 ± 11.3 69.3 ± 10.11 0.141

BMI (kg/m2) 23.7 (20.4, 26.2) 24.5 (21.3, 26.8) 0.215

HbA1c (%/
mmol/mol))

5.3 (4.9, 5.6) *
/34.4 (30.1, 41.0)

5.0 (4.8, 5.3) *
/31.8 (29.0, 34.4) 0.004

Matsuda index 9.3 (5.3, 12.5) 9.2 (3.6, 57.4) 0.620

HOMA -IR 1.07 ± 0.74 1.08 ± 1.2 0.985

Insulinogenic index 0.84 (0.59, 1.7) 0.73 (0.43, 1.5) 0.069

Disposition index 7.4 (5.1, 19.4) 5.4 (2.0, 29.7) 0.283
Means ± standard deviations or medians (25th, 75th percentile) are presented as appropriate. Statistically
significant values are presented in bold with an asterisk. Legend: BMI, body mass index; HOMA-IR, Homeostatic
Model Assessment for Insulin Resistance.

3.2. Glycemic Response upon Glucose Stimulation in Individuals with RPH at Baseline and
Follow-Up

In the OGTTs, peak glucose concentration was reached in the 30th minute
(7.2 ± 1.5 mmol/L), and peak insulin concentration in the 60th minute (64.6 ± 30.5 mU/L)
of the OGTT. Hypoglycemia occurred most frequently in the 180th minute or 240th minute
and not before the 120th minute. The glucose concentrations at the 240th and 300th minutes
were significantly lower at follow-up. The concentrations of blood glucose, insulin, and
C-peptide at different time points during the OGTTs are presented in Supplementary Table S2.

3.3. Presentation of Symptoms in Subjects with RPH

At the first visit the symptoms reported during RPH were the following: weakness (60.9%),
tremors (48.6%), nausea (37.5%), hunger (34.8%), sweating (29.4%), and dizziness (29.2%).

At follow-up, 21 subjects (72,4%) still reported the occurrence of hypoglycemic symp-
toms, while the remaining 8 individuals no longer experienced any symptoms of hypo-
glycemia. The following symptoms were those reported most often with hypoglycemia
occurrence: weakness (51.3%), tremors (62.5%), nausea (15.8%), hunger (35.0%), sweating
(42.5%), and dizziness (35.0%).

3.4. New-Onset Diabetes Occurrence

In the 6.4 ± 4.2 years between the first OGTT and the second OGTT, none of the
subjects in the prospective part of the study developed type 2 diabetes.

3.5. Characteristics of Subjects with the RPH and Control Group

The control group comprised age-, BMI-, WHR-, blood-pressure-, and HbA1c-matched
healthy subjects (n = 11), all females. No significant differences in anthropometrics or
indices of insulin sensitivity or resistance were evident in comparison with the RPH
subjects, as shown in Table 2. The only significant difference was a lower insulinogenic
index in subjects with RPH (p = 0.028), indicating blunted first-phase insulin response;
however, it did not reach the threshold defining a defect in insulin secretion (cut-off point
of 0.4).
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Table 2. Comparison of relevant anthropometric and biochemical characteristics of subjects in the
RPH group vs. the control group.

RPH Group Control Group p-Value

Age (years) 37.2 ± 10.0 39.7 ± 9.2 0.515

Body weight (kg) 68.6 ± 10.0 70.3 ± 11.1 0.640

Waist circumference (cm) 84.8 ± 12.0 84.2 ± 10.6 0.886

Hip circumference (cm) 102.8 ± 8.6 104.1 ± 7.9 0.755

WHR 0.8 ± 0.1 0.8 ± 0.1 0.675

BMI (kg/m2) 24.6 ± 3.5 24.8 ± 4.3 0.877

Systolic blood pressure (mmHg) 107 ± 10 108 ± 9 0.884

Diastolic blood pressure (mmHg) 70 ± 7 72 ± 8 0.618

Heart rate (beats/min) 61 ± 10 64 ± 11 0.423

LDL-c (mmol/L) 2.9 ± 0.61 2.66 ± 0.56 0.546

TG (mmol/L) 1.1 ± 0.41 0.84 ± 0.33 0.078

HbA1c (%;
mmol/mol)

5.0 ± 0.3
31.1 ± 2.1

5.2 ± 0.6
33.3 ± 4.2 0.593

Matsuda index 9.2 (3.6, 57.4) 6.0 (4.0, 76.0) 0.804

HOMA-IR 1.08 ± 1.2 2.5 ± 4.2 0.136

Insulinogenic index 0.73 (0.43, 1.5) * 1.0 (1.0, 3.0) * 0.028 *

Disposition index 5.4 (2.0, 29.7) 16.0 (7.0, 42.0) 0.217
Means ± standard deviations or medians (25th, 75th percentile) are presented as appropriate. Statistically
significant values are presented in bold with an asterisk. TG, serum triglycerides concentration. Legend: WHR,
waist-to-hip ratio; BMI, body mass index; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance;
LDL-C, cholesterol; TG, triglycerides.

3.6. Comparison of Biochemical Characteristics of Subjects with RPH vs. the Control Group

The control group did not differ in glucose, insulin, and c-peptide concentrations from
the RPH group during the OGTTs (Figure 1a,b, Supplementary Figure S1).
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Figure 1. (a). Comparison of blood glucose concentration in subjects with RPH at baseline and
follow-up vs. the healthy control group, showing no difference in any time point during 5-h OGTT.
(b). Comparison of C-peptide concentration in subjects with RPH at baseline and follow-up vs. the
healthy control group, showing no difference in any time point during 5-h OGTT. Legend: RPH:
reactive postprandial hypoglycemia, OGTT: oral glucose tolerance test.

In RPH individuals, the test was positive for hypoglycemia occurrence in 48% of cases.
In the majority (69%) of individuals, hypoglycemia occurred in the 180th minute of the
5-h OGTTs, and in 31% of individuals, it occurred in the 120th minute of the 5-h OGTTs.
The individuals in the control group developed hypoglycemia in 90% of cases during the
OGTTs, and of those, 90% experienced it in the 180th minute.

4. Discussion

In this pilot study, we re-evaluated the glycemic response in non-diabetic women
experiencing postprandial symptoms attributed to hypoglycemia, followed by a case-
control study. We found no biochemical deterioration of beta-cell secretory capacity and
no progression to dysglycemia after, on average, 6.4 ± 4.2 years of follow-up. Compared
to healthy control subjects, individuals with postprandial hypoglycemia exhibited no
differences in concentrations or in the shape of the glucose or insulin curve during the 5-h
OGTTs. The subjects with RPH were not insulin resistant, and their insulin sensitivity did
not deteriorate during the observation period.

To examine the predictive value of RPH occurrence on progression to dysglycemia,
we evaluated paired glucose curves and surrogate indices of insulin sensitivity or beta-
cell failure by prospectively documenting biochemical characteristics with 5-h OGTTs in
29 female subjects. The subjects were non-obese; their HbA1c was lower at follow up, and
no significant intra-individual differences in the indices of insulin sensitivity or resistance
were noted during the observation period. Glucose concentrations were even lower at
the follow-up visit at certain postprandial time points. According to HOMA-IR and the
Matsuda index, subjects with RPH were not insulin resistant but categorized as insulin
sensitive. Identifying hyperinsulinemia in the absence of glucose intolerance is becoming
increasingly important in predicting future diabetes risk [21]. Many studies suggest that
RPH is a hallmark of insulin resistance, since supposedly obese people have higher rates
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of reactive hypoglycemia than other groups [22]. This notion is supported by previous
publications of increased prevalence of RPH in women with insulin-resistant conditions,
e.g., polycystic ovary syndrome [23]. On the other hand, increased insulin sensitivity has
been proven in RPH subjects by many authors [14,24,25], which is more in line with our
results. Furthermore, some recent publications confidently state that no metabolic derange-
ments are found in subjects with RPH [5] and that in patients reporting hypoglycemia,
glucoregulatory hormone responses are similar to those in the controls [26]. Therefore, we
further age- and BMI-matched the RPH group of subjects with the control group. Com-
pared to the healthy control subjects, individuals with postprandial hypoglycemia showed
no differences in glucose or insulin secretion upon stimulation.

The insulinogenic index (IGI) represents the first-phase insulin response, calculated
based on the changes in insulin and glucose over the first 30 minutes after glucose load
in the oral glucose tolerance test. The insulinogenic index and its composite with insulin
sensitivity (disposition index) have been demonstrated to be predictive of type 2 diabetes.
The disposition index correlates strongly with glucose tolerance, such that individuals
with the lowest disposition index are at increased risk of type 2 diabetes [18,19]. The
debate on the interaction and relative importance of insulin resistance or impaired beta-cell
function as the primary event in the pathogenesis of type 2 diabetes continues [27,28].
Our results indicate that subjects with RPH had insulin secretion comparable to that
in healthy controls; however, the insulinogenic index, indicating the first-phase insulin
response, was significantly lower, though still above the proposed threshold for insufficient
insulin secretion. This finding could be interpreted in two ways. In the healthy control
group, a better first-phase insulin secretion response to glucose load could have been
aimed at compensating their borderline insulin resistance (HOMA of 2.5), or alternatively,
subjects with RPH had a blunted first-phase insulin response as a primary defect in glucose
regulation. On the other hand, blunted insulin secretion could have been an adaptive
response to high insulin sensitivity in our study subjects, since according to some authors,
beta-cell function varies quantitatively with differences in insulin sensitivity, and the initial
increase in plasma glucose is determined primarily by hepatic insulin resistance [29,30].
According to the literature, beta-cell function in RPH is preserved, and even higher indices
of insulin secretion have been described [24]. It should also be taken into account that
only one index of insulin secretion was significantly different between the groups in our
cohort, which could also have been a consequence of intra-individual variation in insulin
concentrations, since it has been established that random test–retest differences in insulin
concentrations are important (e.g., 61% test–retest difference in fasting insulin and 125% in
120th minute insulin), especially in small groups of individuals [31].

The plasma glucose shape during an OGTT depends on glucose tolerance and could
be used as a metabolic screening tool [32], since the glucose concentrations measured in the
fasting state (0. min), as well as intermediate measures (30th and 60th minutes), during
an OGTT may provide additional information regarding a person’s risk of future type
2 diabetes and even mortality [33–36]. In the RPH group, the glucose response showed
a favorable pattern [33], with a peak (average) glucose concentration at the 30th minute
below 8 mmol/L. Our cohort average 60th-minute-glucose concentration was 6.7 ± 2.5
during the first visit and 6.5 ± 2.5 mmol/L during the follow-up visit. In the Botnia
study and Malmö Prevention Project, 60th-minute-glucose concentrations of 8.9 mmol/L
and 8.4 mmol/L were the optimal cut-off points for the initial screening and selection
of high-risk individuals, respectively. In these two cohorts, high-risk individuals had a
substantially increased risk of incident type 2 diabetes (ORs of 8.0 and 3.8) and captured
75% and 62% of all incident type 2 diabetes [37]. Regarding insulin secretion patterns, no
unfavorable responses in RPH subjects were documented either. The RPH subjects peaked
in insulin concentration 60 min after stimulation, which is known to be more favorable
than late peaks (e.g., 120th-minute peaks), which predict higher future type 2 diabetes risk
in individuals with normal glucose tolerance [36,38].
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Unexpectedly, we found a remarkably high occurrence of biochemical hypoglycemia
during the OGTTs in healthy controls, as well as poor reproducibility of hypoglycemia in
the paired OGTTs in test subjects. This finding is in concordance with previous publications
that indicate the overall reproducibility of OGTTs to be between 65% and 75% in subjects
with normal glucose tolerance, impaired glucose tolerance (IGT), or diabetes [39,40]. Many
factors are known to have an impact on OGTT results, from pre-test, pre-analytical, and an-
alytical to postanalytical factors [40,41]; therefore, its validity is partly questionable, which
was also evident in our study. A contentious issue remaining to be resolved is whether
postprandial symptoms are actually related to low blood glucose [42,43] or any metabolic
disturbances [5,26,44]. The occurrence of biochemical hypoglycemia was as high as 90%
in healthy controls, yet it was only triggered in 48% of subjects known to be experiencing
hypoglycemia symptoms, indicating a possibility of pseudohypoglycemia, as assessed by
Simpson et al. using continuous glucose monitoring [43]. This finding is partly in line with
frequent chemical hypoglycemia occurrence in healthy controls (25%) in other research
settings [26]. On the other hand, despite evidently lacking specificity and reproducibility,
the OGTT remains a suitable tool to formally recreate the circumstances in which symp-
tomatic hypoglycemia occurs, as suggested by the Endocrine Society recommendations [1].
Despite different authors raising concerns about the reproducibility of the OGTT for over
50 years [39,45,46], it remains the current “gold standard” for diagnosing type 2 diabetes.

This study had many limitations that are intrinsic to a pilot study, mostly consisting
of a small sample size and consequently a limited number of measurements. In terms of
assessing the shape of the glucose curve, we lacked the 90th-minute-point concentrations,
which could have allowed us to further speculate on metabolic processes, since some au-
thors distinguish the biphasic and monophasic forms of glucose curves during OGTTs [32].
The surrogate indices of insulin secretion and insulin sensitivity calculated in our study
were not gold-standard clamp-derived indices [17]; however, we believe that HOMA-IR
and the Matsuda index are widely used [47]. Possible ethnic differences were not included
either, since we included exclusively the Caucasian population, which is prevalent in our
country. We further lacked data on possible inter-individual differences in gastric emptying
during the OGTTs, which have been described as a determinant of the glycemic response,
most notably of the initial increase (30th minute) [48]. We also acknowledge that altered
glucose responses to the OGTT are possible during different phases of the menstrual cycle,
but unfortunately we did not perform all the OGTTs in the same phase of the menstrual
cycle [49,50]. Furthermore, premenopausal women exhibit enhanced insulin sensitivity,
but this advantage disappears after menopause, owing to a reduction in circulating 17β-
estradiol [51]. However, since the participants were premenopausal at the initial visit and
still at follow-up, we did not expect declines in estrogen concentration. However, menstrual
cycle-related fluctuations in estrogen levels could still affect insulin and glycemic response
to glucose load.

One of the strengths of the present study was the selection of a population without
associated causes of hypoglycemia, carefully excluding any cases of known endocrinopathy
and even of IFG or IGT, as well as patients with a personal history of bariatric surgery,
which is known to predispose patients to postprandial hypoglycemia [52]. We believe
that by including only female subjects, a greater homogeneity of the group was ensured.
Females predominated among people with RPH in the entire initially referred cohort (80%),
as well as in similar studies published in this context [5–7,43]. We believe that the use of
the prolonged, 300-min (5-h) OGTT is far more suitable than the standard 120-min OGTT
in this clinical setting, since reactive hypoglycemia occurs after the 120th minute and can
be, in this manner, properly documented. In line with this, guidelines of the Endocrine
Society [1] explicitly advise using a 5-h test instead of shorter ones to accurately diagnose
RPH. Nevertheless, guidelines advise the use of a mixed-meal test instead of the OGTT;
however, they admit at the same time that there exist no standards for the interpretation
of the mixed-meal test [1]. The 75 g OGTT and the mixed-meal test have been widely
criticized in this setting [1,2,26], since the 5-h OGTT has been firmly established as one of
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the standard diagnostic tests in non-diabetic hypoglycemia at our clinic, we chose to use
the same test to be able to compare current and past results. In addition, the outline of a
5-h glucose or insulin profile following stimulation is rarely described in the literature and
could offer new insights into hormonal dynamics [5,22,53,54]. To our knowledge, this is
the first prospective study using the 5-h OGTT in an RPH-experiencing population.

Further research should focus on the clinical definition of RPH, defining the proposed
method for identification and a standardized cut-off glucose value. This could assist in
more precise prevalence estimations and health implications, especially the predictive
value for incident type 2 diabetes development.

In conclusion, we found that subjects with RPH proved to be insulin sensitive and
demonstrated no biochemical deterioration of beta-cell secretory function or new-onset
type 2 diabetes during the observation period. We found no indices of increased incident
type 2 diabetes risk, except for a blunted first-phase insulin response compared with
age- and BMI-matched controls that did not exceed the reference range. This dictates the
need for further research to confirm the hypothesis of future diabetes risk in individuals
experiencing RPH. Furthermore, our research adds to the body of evidence questioning the
use of OGTTs in diagnosing RPH due to low specificity and reproducibility.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/metabo12121232/s1. Supplementary Table S1. Pharmacotherapy
of comorbidities in RPH participants (n = 29). Supplementary Table S2. Blood glucose, insulin, and
C-peptide concentration during 5-h OGTT in individuals with RPH at baseline and at follow-up.
Supplementary Figure S1. Comparison of insulin concentration in subjects with RPH at baseline and
follow-up vs. the healthy control group, showing no difference in any time point during 5-h OGTT.
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3. Altuntaş, Y. Postprandial Reactive Hypoglycemia. Sisli Etfal Hastan. Tip Bul. 2019, 53, 215–220. [CrossRef] [PubMed]
4. Galati, S.-J.; Rayfield, E.J. Approach to the Patient with Postprandial Hypoglycemia. Endocr. Pract. Off. J. Am. Coll. Endocrinol. Am.

Assoc. Clin. Endocrinol. 2014, 20, 331–340. [CrossRef]
5. Hall, M.; Walicka, M.; Panczyk, M.; Traczyk, I. Metabolic Parameters in Patients with Suspected Reactive Hypoglycemia. J. Pers.

Med. 2021, 11, 276. [CrossRef]
6. Mongraw-Chaffin, M.; Beavers, D.P.; McClain, D.A. Hypoglycemic Symptoms in the Absence of Diabetes: Pilot Evidence of

Clinical Hypoglycemia in Young Women. J. Clin. Transl. Endocrinol. 2019, 18, 100202. [CrossRef]
7. Simpson, E.J.; Holdsworth, M.; Macdonald, I.A. Prevalence of Self-Reported Symptoms Attributed to Hypoglycaemia within a

General Female Population of the UK. J. Psychosom. Res. 2006, 60, 403–406. [CrossRef]
8. Hall, M.; Walicka, M.; Panczyk, M.; Traczyk, I. Assessing Long-Term Impact of Dietary Interventions on Occurrence of Symptoms

Consistent with Hypoglycemia in Patients without Diabetes: A One-Year Follow-Up Study. Nutrients 2022, 14, 497. [CrossRef]

https://www.mdpi.com/article/10.3390/metabo12121232/s1
https://www.mdpi.com/article/10.3390/metabo12121232/s1
http://doi.org/10.1210/jc.2008-1410
http://www.ncbi.nlm.nih.gov/pubmed/19088155
http://www.ncbi.nlm.nih.gov/pubmed/11119013
http://doi.org/10.14744/SEMB.2019.59455
http://www.ncbi.nlm.nih.gov/pubmed/32377086
http://doi.org/10.4158/EP13132.RA
http://doi.org/10.3390/jpm11040276
http://doi.org/10.1016/j.jcte.2019.100202
http://doi.org/10.1016/j.jpsychores.2005.08.003
http://doi.org/10.3390/nu14030497


Metabolites 2022, 12, 1232 11 of 12

9. Martens, P.; Tits, J. Approach to the Patient with Spontaneous Hypoglycemia. Eur. J. Intern. Med. 2014, 25, 415–421. [CrossRef]
10. Kandaswamy, L.; Raghavan, R.; Pappachan, J.M. Spontaneous Hypoglycemia: Diagnostic Evaluation and Management. Endocrine

2016, 53, 47–57. [CrossRef]
11. Lupoli, R.; Cotugno, M.; Griffo, E.; Nosso, G.; Riccardi, G.; Capaldo, B. Role of the Entero-Insular Axis in the Pathogenesis of

Idiopathic Reactive Hypoglycemia: A Pilot Study. J. Clin. Endocrinol. Metab. 2015, 100, 4441–4446. [CrossRef] [PubMed]
12. Berlin, I.; Grimaldi, A.; Landault, C.; Cesselin, F.; Puech, A.J. Suspected Postprandial Hypoglycemia Is Associated with Beta-

Adrenergic Hypersensitivity and Emotional Distress. J. Clin. Endocrinol. Metab. 1994, 79, 1428–1433. [CrossRef] [PubMed]
13. Hadji-Georgopoulos, A.; Schmidt, M.I.; Margolis, S.; Kowarski, A.A. Elevated Hypoglycemic Index and Late Hyperinsulinism in

Symptomatic Postprandial Hypoglycemia. J. Clin. Endocrinol. Metab. 1980, 50, 371–376. [CrossRef] [PubMed]
14. Tamburrano, G.; Leonetti, F.; Sbraccia, P.; Giaccari, A.; Locuratolo, N.; Lala, L. Increased Insulin Sensitivity in Patients with

Idiopathic Reactive Hypoglycemia. J. Clin. Endocrinol. Metab. 1989, 69, 875–880. [CrossRef]
15. IDF Diabetes Atlas, 10th Ed. Available online: https://diabetesatlas.org/data/ (accessed on 14 October 2022).
16. Matthews, D.R.; Hosker, J.P.; Rudenski, A.S.; Naylor, B.A.; Treacher, D.F.; Turner, R.C. Homeostasis Model Assessment: Insulin

Resistance and Beta-Cell Function from Fasting Plasma Glucose and Insulin Concentrations in Man. Diabetologia 1985, 28, 412–419.
[CrossRef] [PubMed]

17. Matsuda, M.; DeFronzo, R.A. Insulin Sensitivity Indices Obtained from Oral Glucose Tolerance Testing: Comparison with the
Euglycemic Insulin Clamp. Diabetes Care 1999, 22, 1462–1470. [CrossRef]

18. Goedecke, J.H.; Dave, J.A.; Faulenbach, M.V.; Utzschneider, K.M.; Lambert, E.V.; West, S.; Collins, M.; Olsson, T.; Walker, B.R.;
Seckl, J.R.; et al. Insulin Response in Relation to Insulin Sensitivity. Diabetes Care 2009, 32, 860–865. [CrossRef]

19. Utzschneider, K.M.; Prigeon, R.L.; Faulenbach, M.V.; Tong, J.; Carr, D.B.; Boyko, E.J.; Leonetti, D.L.; McNeely, M.J.; Fujimoto, W.Y.;
Kahn, S.E. Oral Disposition Index Predicts the Development of Future Diabetes Above and Beyond Fasting and 2-h Glucose
Levels. Diabetes Care 2009, 32, 335–341. [CrossRef]

20. Stumvoll, M.; Mitrakou, A.; Pimenta, W.; Jenssen, T.; Yki-Järvinen, H.; Van Haeften, T.; Renn, W.; Gerich, J. Use of the Oral
Glucose Tolerance Test to Assess Insulin Release and Insulin Sensitivity. Diabetes Care 2000, 23, 295–301. [CrossRef]

21. Crofts, C.; Schofield, G.; Zinn, C.; Wheldon, M.; Kraft, J. Identifying Hyperinsulinaemia in the Absence of Impaired Glucose
Tolerance: An Examination of the Kraft Database. Diabetes Res. Clin. Pract. 2016, 118, 50–57. [CrossRef]

22. Lv, X.; Fang, K.; Hao, W.; Han, Y.; Yang, N.; Yu, Q. Identification of Reactive Hypoglycemia with Different Basic BMI and Its
Causes by Prolonged Oral Glucose Tolerance Test. Diabetes Metab. Syndr. Obes. Targets Ther. 2020, 13, 4717–4726. [CrossRef]
[PubMed]

23. Mumm, H.; Altinok, M.L.; Henriksen, J.E.; Ravn, P.; Glintborg, D.; Andersen, M. Prevalence and Possible Mechanisms of Reactive
Hypoglycemia in Polycystic Ovary Syndrome. Hum. Reprod. Oxf. Engl. 2016, 31, 1105–1112. [CrossRef] [PubMed]

24. Cai, X.; Han, X.; Zhou, X.; Zhou, L.; Zhang, S.; Ji, L. Associated Factors with Biochemical Hypoglycemia during an Oral Glucose
Tolerance Test in a Chinese Population. J. Diabetes Res. 2017, 2017, 3212814. [CrossRef] [PubMed]

25. Parekh, S.; Bodicoat, D.H.; Brady, E.; Webb, D.; Mani, H.; Mostafa, S.; Levy, M.J.; Khunti, K.; Davies, M.J. Clinical Characteristics
of People Experiencing Biochemical Hypoglycaemia during an Oral Glucose Tolerance Test: Cross-Sectional Analyses from a UK
Multi-Ethnic Population. Diabetes Res. Clin. Pract. 2014, 104, 427–434. [CrossRef] [PubMed]

26. Charles, M.A.; Hofeldt, F.; Shackelford, A.; Waldeck, N.; Dodson, L.E.; Bunker, D.; Coggins, J.T.; Eichner, H. Comparison of
Oral Glucose Tolerance Tests and Mixed Meals in Patients with Apparent Idiopathic Postabsorptive Hypoglycemia: Absence of
Hypoglycemia after Meals. Diabetes 1981, 30, 465–470. [CrossRef]

27. Esser, N.; Utzschneider, K.M.; Kahn, S.E. Early Beta Cell Dysfunction vs Insulin Hypersecretion as the Primary Event in the
Pathogenesis of Dysglycaemia. Diabetologia 2020, 63, 2007–2021. [CrossRef] [PubMed]

28. Shanik, M.H.; Xu, Y.; Skrha, J.; Dankner, R.; Zick, Y.; Roth, J. Insulin Resistance and Hyperinsulinemia: Is Hyperinsulinemia the
Cart or the Horse? Diabetes Care 2008, 31 (Suppl. S2), S262–S268. [CrossRef] [PubMed]

29. Abdul-Ghani, M.A.; Lyssenko, V.; Tuomi, T.; Defronzo, R.A.; Groop, L. The Shape of Plasma Glucose Concentration Curve during
OGTT Predicts Future Risk of Type 2 Diabetes. Diabetes Metab. Res. Rev. 2010, 26, 280–286. [CrossRef]

30. Kahn, S.E.; Prigeon, R.L.; McCulloch, D.K.; Boyko, E.J.; Bergman, R.N.; Schwartz, M.W.; Neifing, J.L.; Ward, W.K.; Beard, J.C.;
Palmer, J.P. Quantification of the Relationship between Insulin Sensitivity and Beta-Cell Function in Human Subjects. Evidence
for a Hyperbolic Function. Diabetes 1993, 42, 1663–1672. [CrossRef] [PubMed]

31. Mooy, J.M.; Grootenhuis, P.A.; de Vries, H.; Kostense, P.J.; Popp-Snijders, C.; Bouter, L.M.; Heine, R.J. Intra-Individual Variation of
Glucose, Specific Insulin and Proinsulin Concentrations Measured by Two Oral Glucose Tolerance Tests in a General Caucasian
Population: The Hoorn Study. Diabetologia 1996, 39, 298–305. [CrossRef]

32. Tschritter, O.; Fritsche, A.; Shirkavand, F.; Machicao, F.; Häring, H.; Stumvoll, M. Assessing the Shape of the Glucose Curve
during an Oral Glucose Tolerance Test. Diabetes Care 2003, 26, 1026–1033. [CrossRef] [PubMed]

33. Hulman, A.; Vistisen, D.; Glümer, C.; Bergman, M.; Witte, D.R.; Færch, K. Glucose Patterns during an Oral Glucose Tolerance Test
and Associations with Future Diabetes, Cardiovascular Disease and All-Cause Mortality Rate. Diabetologia 2018, 61, 101–107.
[CrossRef]

34. Bergman, M.; Chetrit, A.; Roth, J.; Dankner, R. One-Hour Post-Load Plasma Glucose Level during the OGTT Predicts Mortality:
Observations from the Israel Study of Glucose Intolerance, Obesity and Hypertension. Diabet. Med. J. Br. Diabet. Assoc. 2016,
33, 1060–1066. [CrossRef] [PubMed]

http://doi.org/10.1016/j.ejim.2014.02.011
http://doi.org/10.1007/s12020-016-0902-0
http://doi.org/10.1210/jc.2015-3309
http://www.ncbi.nlm.nih.gov/pubmed/26502359
http://doi.org/10.1210/jcem.79.5.7962339
http://www.ncbi.nlm.nih.gov/pubmed/7962339
http://doi.org/10.1210/jcem-50-2-371
http://www.ncbi.nlm.nih.gov/pubmed/6986397
http://doi.org/10.1210/jcem-69-4-875
https://diabetesatlas.org/data/
http://doi.org/10.1007/BF00280883
http://www.ncbi.nlm.nih.gov/pubmed/3899825
http://doi.org/10.2337/diacare.22.9.1462
http://doi.org/10.2337/dc08-2048
http://doi.org/10.2337/dc08-1478
http://doi.org/10.2337/diacare.23.3.295
http://doi.org/10.1016/j.diabres.2016.06.007
http://doi.org/10.2147/DMSO.S280084
http://www.ncbi.nlm.nih.gov/pubmed/33293845
http://doi.org/10.1093/humrep/dew046
http://www.ncbi.nlm.nih.gov/pubmed/27008892
http://doi.org/10.1155/2017/3212814
http://www.ncbi.nlm.nih.gov/pubmed/28913363
http://doi.org/10.1016/j.diabres.2014.02.013
http://www.ncbi.nlm.nih.gov/pubmed/24685116
http://doi.org/10.2337/diabetes.30.6.465
http://doi.org/10.1007/s00125-020-05245-x
http://www.ncbi.nlm.nih.gov/pubmed/32894311
http://doi.org/10.2337/dc08-s264
http://www.ncbi.nlm.nih.gov/pubmed/18227495
http://doi.org/10.1002/dmrr.1084
http://doi.org/10.2337/diab.42.11.1663
http://www.ncbi.nlm.nih.gov/pubmed/8405710
http://doi.org/10.1007/BF00418345
http://doi.org/10.2337/diacare.26.4.1026
http://www.ncbi.nlm.nih.gov/pubmed/12663568
http://doi.org/10.1007/s00125-017-4468-z
http://doi.org/10.1111/dme.13116
http://www.ncbi.nlm.nih.gov/pubmed/26996391


Metabolites 2022, 12, 1232 12 of 12

35. Kim, J.Y.; Michaliszyn, S.F.; Nasr, A.; Lee, S.; Tfayli, H.; Hannon, T.; Hughan, K.S.; Bacha, F.; Arslanian, S. The Shape of the
Glucose Response Curve During an Oral Glucose Tolerance Test Heralds Biomarkers of Type 2 Diabetes Risk in Obese Youth.
Diabetes Care 2016, 39, 1431–1439. [CrossRef] [PubMed]

36. Hayashi, T.; Boyko, E.J.; Sato, K.K.; McNeely, M.J.; Leonetti, D.L.; Kahn, S.E.; Fujimoto, W.Y. Patterns of Insulin Concentration
during the OGTT Predict the Risk of Type 2 Diabetes in Japanese Americans. Diabetes Care 2013, 36, 1229–1235. [CrossRef]

37. Alyass, A.; Almgren, P.; Akerlund, M.; Dushoff, J.; Isomaa, B.; Nilsson, P.; Tuomi, T.; Lyssenko, V.; Groop, L.; Meyre, D. Modelling
of OGTT Curve Identifies 1 h Plasma Glucose Level as a Strong Predictor of Incident Type 2 Diabetes: Results from Two
Prospective Cohorts. Diabetologia 2015, 58, 87–97. [CrossRef]

38. Crofts, C.A.P.; Brookler, K.; Henderson, G. Can Insulin Response Patterns Predict Metabolic Disease Risk in Individuals with
Normal Glucose Tolerance? Diabetologia 2018, 61, 1233. [CrossRef]

39. Ko, G.T.; Chan, J.C.; Woo, J.; Lau, E.; Yeung, V.T.; Chow, C.C.; Cockram, C.S. The Reproducibility and Usefulness of the Oral
Glucose Tolerance Test in Screening for Diabetes and Other Cardiovascular Risk Factors. Ann. Clin. Biochem. 1998, 35 Pt 1, 62–67.
[CrossRef]

40. Bogdanet, D.; O’Shea, P.; Lyons, C.; Shafat, A.; Dunne, F. The Oral Glucose Tolerance Test—Is It Time for a Change?—A Literature
Review with an Emphasis on Pregnancy. J. Clin. Med. 2020, 9, 3451. [CrossRef]

41. Palmu, S.; Rehunen, S.; Kautiainen, H.; Eriksson, J.G.; Korhonen, P.E. Body Surface Area and Glucose Tolerance—The Smaller the
Person, the Greater the 2-Hour Plasma Glucose. Diabetes Res. Clin. Pract. 2019, 157, 107877. [CrossRef]

42. Hofeldt, F.D. Reactive Hypoglycemia. Endocrinol. Metab. Clin. N. Am. 1989, 18, 185–201. [CrossRef]
43. Simpson, E.J.; Holdsworth, M.; Macdonald, I.A. Interstitial Glucose Profile Associated with Symptoms Attributed to Hypo-

glycemia by Otherwise Healthy Women. Am. J. Clin. Nutr. 2008, 87, 354–361. [CrossRef] [PubMed]
44. Snorgaard, O.; Binder, C. Monitoring of Blood Glucose Concentration in Subjects with Hypoglycaemic Symptoms during

Everyday Life. BMJ 1990, 300, 16–18. [CrossRef]
45. Libman, I.M.; Barinas-Mitchell, E.; Bartucci, A.; Robertson, R.; Arslanian, S. Reproducibility of the Oral Glucose Tolerance Test in

Overweight Children. J. Clin. Endocrinol. Metab. 2008, 93, 4231–4237. [CrossRef]
46. Lages, M.; Barros, R.; Moreira, P.; Guarino, M.P. Metabolic Effects of an Oral Glucose Tolerance Test Compared to the Mixed Meal

Tolerance Tests: A Narrative Review. Nutrients 2022, 14, 2032. [CrossRef] [PubMed]
47. Singh, B.; Saxena, A. Surrogate Markers of Insulin Resistance: A Review. World J. Diabetes 2010, 1, 36–47. [CrossRef] [PubMed]
48. Marathe, C.S.; Horowitz, M.; Trahair, L.G.; Wishart, J.M.; Bound, M.; Lange, K.; Rayner, C.K.; Jones, K.L. Relationships of Early

And Late Glycemic Responses with Gastric Emptying During An Oral Glucose Tolerance Test. J. Clin. Endocrinol. Metab. 2015,
100, 3565–3571. [CrossRef] [PubMed]

49. Macdonald, I.; Crossley, J.N. Glucose Tolerance During the Menstrual Cycle. Diabetes 1970, 19, 450–452. [CrossRef]
50. Barata, D.S.; Adan, L.F.; Netto, E.M.; Ramalho, A.C. The Effect of the Menstrual Cycle on Glucose Control in Women with Type 1

Diabetes Evaluated Using a Continuous Glucose Monitoring System. Diabetes Care 2013, 36, e70. [CrossRef]
51. Yan, H.; Yang, W.; Zhou, F.; Li, X.; Pan, Q.; Shen, Z.; Han, G.; Newell-Fugate, A.; Tian, Y.; Majeti, R.; et al. Estrogen Improves

Insulin Sensitivity and Suppresses Gluconeogenesis via the Transcription Factor Foxo1. Diabetes 2019, 68, 291–304. [CrossRef]
52. Moreira, R.O.; Moreira, R.B.M.; Machado, N.A.M.; Gonçalves, T.B.; Coutinho, W.F. Post-Prandial Hypoglycemia after Bariatric

Surgery: Pharmacological Treatment with Verapamil and Acarbose. Obes. Surg. 2008, 18, 1618–1621. [CrossRef] [PubMed]
53. Tura, A.; Morbiducci, U.; Sbrignadello, S.; Winhofer, Y.; Pacini, G.; Kautzky-Willer, A. Shape of Glucose, Insulin, C-Peptide Curves

during a 3-h Oral Glucose Tolerance Test: Any Relationship with the Degree of Glucose Tolerance? Am. J. Physiol. Regul. Integr.
Comp. Physiol. 2011, 300, R941–R948. [CrossRef] [PubMed]

54. Dalla Man, C.; Campioni, M.; Polonsky, K.S.; Basu, R.; Rizza, R.A.; Toffolo, G.; Cobelli, C. Two-Hour Seven-Sample Oral Glucose
Tolerance Test and Meal Protocol: Minimal Model Assessment of Beta-Cell Responsivity and Insulin Sensitivity in Nondiabetic
Individuals. Diabetes 2005, 54, 3265–3273. [CrossRef] [PubMed]

http://doi.org/10.2337/dc16-0352
http://www.ncbi.nlm.nih.gov/pubmed/27293201
http://doi.org/10.2337/dc12-0246
http://doi.org/10.1007/s00125-014-3390-x
http://doi.org/10.1007/s00125-018-4581-7
http://doi.org/10.1177/000456329803500107
http://doi.org/10.3390/jcm9113451
http://doi.org/10.1016/j.diabres.2019.107877
http://doi.org/10.1016/S0889-8529(18)30396-7
http://doi.org/10.1093/ajcn/87.2.354
http://www.ncbi.nlm.nih.gov/pubmed/18258625
http://doi.org/10.1136/bmj.300.6716.16
http://doi.org/10.1210/jc.2008-0801
http://doi.org/10.3390/nu14102032
http://www.ncbi.nlm.nih.gov/pubmed/35631171
http://doi.org/10.4239/wjd.v1.i2.36
http://www.ncbi.nlm.nih.gov/pubmed/21537426
http://doi.org/10.1210/JC.2015-2482
http://www.ncbi.nlm.nih.gov/pubmed/26171801
http://doi.org/10.2337/diab.19.6.450
http://doi.org/10.2337/dc12-2248
http://doi.org/10.2337/db18-0638
http://doi.org/10.1007/s11695-008-9569-9
http://www.ncbi.nlm.nih.gov/pubmed/18566871
http://doi.org/10.1152/ajpregu.00650.2010
http://www.ncbi.nlm.nih.gov/pubmed/21248305
http://doi.org/10.2337/diabetes.54.11.3265
http://www.ncbi.nlm.nih.gov/pubmed/16249454

	Introduction 
	Methods 
	Definition of Clinical and Laboratory Characteristics 
	Statistical Analysis 

	Results 
	Characteristics of the Cohort of Individuals with RPH 
	Glycemic Response upon Glucose Stimulation in Individuals with RPH at Baseline and Follow-Up 
	Presentation of Symptoms in Subjects with RPH 
	New-Onset Diabetes Occurrence 
	Characteristics of Subjects with the RPH and Control Group 
	Comparison of Biochemical Characteristics of Subjects with RPH vs. the Control Group 

	Discussion 
	References

