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Purpose: Glucose metabolism disorders are an established risk factor for atherosclerosis. Although reactive hypoglycemia (RH) can 
be classified as one of these disorders, its role as a potential atherosclerosis risk factor remains unclear. The aim of the study was to 
assess whether patients with RH have a higher risk of atherosclerosis.
Patients and Methods: We recruited 178 patients (N=178) with suspected RH who were hospitalized after 2014 and underwent 
a prolonged 5-hour oral glucose tolerance test. The study cohort was divided into 2 groups depending on the results of the oral glucose 
tolerance test: Group 1 – subjects without RH (n=44), Group 2 –subjects with RH (n=134).
Results: The analyzed groups differed significantly in terms of the following risk factors for atherosclerosis: high-density lipoprotein 
(HDL) cholesterol levels (54.3±18.8 mg/dL vs 63±18.5 mg/dL, p=0.003) and atherogenic indices (Castelli I: 3.7±1.2 vs 3.1±1.3, 
p=0.004; Castelli II: 2.1±0.9 vs 1.7±0.9, p=0.007; the atherogenic index of plasma: 0.34±0.33 vs 0.18±0.3, p=0.006; and the 
atherogenic coefficient: 2.7±1.2 vs 2.1±1.3, p=0.004). Univariate logistic regression showed that RH should not be considered to be 
a predictor of an increased atherogenic index of plasma (odds ratio [OR]=0.3 [95% confidence interval [CI] [0.16–0.7], p=0.002). 
Multivariate logistic regression revealed triglyceride levels (OR 1.14 [1.07–1.2], p=0.001) and body weight (OR 1.07 [1.03–1.12], 
p=0.002) to be independent risk factors for atherosclerosis.
Conclusion: Atherosclerosis risk factors are no more prevalent in patients with RH. RH does not increase the risk of an abnormal 
atherogenic index of plasma.
Keywords: postprandial hypoglycemia, oral glucose tolerance test, body weight, cardiovascular risk, triglycerides

Introduction
Advanced age, male sex, dyslipidemia, arterial hypertension, smoking and glucose metabolism disorders are established risk 
factors for atherosclerosis.1 Both type 2 diabetes mellitus (DM) and hyperglycemia-associated conditions can be classified as 
atherosclerotic risk factors related to abnormal glucose metabolism.2 The Thrombolysis in Myocardial Infarction (TIMI) 10A, 
TIMI 10B, Limitation of Myocardial Infarction following Thrombolysis in Acute Myocardial Infarction (LIMIT-AMI), 
Action to Control Cardiovascular Risk in Diabetes (ACCORD) and Orofiban in Unstable Angina (OPUS-TIMI 16) trials 
revealed that irrespective of DM diagnosis, the relationship between post-ST-elevation myocardial infarction blood glucose 
levels and prognosis can be illustrated as a U-curve.3–7 The 30-day mortality rates in patients with either hypoglycemia or 
hyperglycemia are comparable and significantly higher than those in subjects with normoglycemia.8,9 This observation may be 
associated with autonomic nervous system dysfunction, baroreceptor reflex impairment, abnormalities in heart rate variability, 
and prolongation of the QT interval, all of which can be found in diabetic patients.10–12 Research has shown that patients with 
diabetic neuropathy may have a higher cardiovascular risk due to compromised counter-regulatory mechanisms following 
a hypoglycemic episode.13,14 On the other hand, even an adequate response to hypoglycemia, including an increased 
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catecholamine release or corticosteroid production, can be detrimental to the cardiovascular system, promote atherogenesis, 
and induce hypokalemia.8,13 Furthermore, elevated levels of C-reactive protein, interleukin-6, interleukin-8, tumor necrosis 
factor alpha, endothelins, or growth factors can be found in diabetic patients during hypoglycemic episodes.15,16 

Hypoglycemia has also been identified as a factor responsible for inducing fibrinolytic dysfunction.16 An increase in serum 
adrenaline levels, which occurs when blood glucose levels are abnormally low, influences platelet and leukocyte function.16 

Moreover, hypoglycemia can lead to endothelial dysfunction and abnormal coagulation.10 All the defense mechanisms that 
prevent an individual from the negative consequences of hypoglycemia appear to be crucial in establishing prognosis in 
diabetic patients after acute coronary syndrome.17 However, it remains unclear whether or not these defense, counter- 
regulatory, mechanisms alter the prognosis in otherwise healthy patients who experience reactive hypoglycemia (RH), defined 
as blood glucose levels lower than 70 mg/dL that occurs 2–5 hours after a meal.18,19 The potential role of RH in atherogenesis 
has not been thoroughly investigated.18 Few researchers have evaluated the prevalence of atherosclerosis risk factors in 
patients with RH.18,20 Considering the aforementioned pathogenic mechanisms, an attempt to assess if RH can be recognized 
as another risk factor for atherosclerosis seems to be warranted. Our knowledge of atherosclerotic burden in patients with RH 
is largely based on limited data. Therefore, we undertook this study in order to assess the prevalence of atherosclerosis risk 
factors in patients with RH. The aim of our research was also to determine if RH can be considered as a novel atherosclerosis 
risk factor.

Materials and Methods
Study Cohort
Our study included 178 subjects, who were hospitalized in the Central Clinical Hospital of the Ministry of Interior and 
Administration in Warsaw after January 2014. Inclusion criteria were as follows: 1) clinically suspected RH (based on 
either a history of symptoms potentially associated with hypoglycemia or home-measured blood glucose levels below 
70 mg/dL); 2) complete medical records; 3) a prolonged oral glucose tolerance test (OGTT). Patients who were 1) 
diagnosed with hypoglycemia secondary to medication; a non-islet cell tumor; an insulinoma; hepatic, cardiac, or renal 
failure; cortisol, glucagon, or epinephrine deficiency; nesidioblastosis; or sepsis; 2) previously diagnosed with pre- 
diabetes or type 2 DM; 3) positive for antibodies against insulin or insulin receptors; 4) malnourished; and/or 5) 
diagnosed with chronic conditions (except for arterial hypertension) were excluded from the study.21 Out of all 
participants, 28 were male (n=28), 27 had a history of hypertension (n=27), no patient has reported being on either lipid- 
lowering or antidiabetic therapy.

Study Protocol
We analyzed the patients’ medical records for the data on their body weight and history of dyslipidemia and/or 
hypertension. In order to document hypoglycemic episodes and to exclude other glucose metabolism disorders 
a prolonged OGTT was performed. Participants underwent an overnight fast of at least 10 hours and were subsequently 
asked to drink a solution with 75 g of glucose. Blood samples were obtained immediately before and one, two, three, 
four, and five hours after glucose ingestion. Blood glucose levels were measured using the hexokinase method while 
insulin levels were assessed via a noncompetitive electrochemiluminescence-based immunoassay. Total cholesterol, 
HDL-cholesterol, and triglyceride (TG) levels were determined via fluorometric-enzymatic assays. Low-density lipopro-
tein (LDL) cholesterol levels were calculated using the Friedewald equation. In order to characterize patients in terms of 
atherosclerotic risk factors, the study group was divided into two subgroups depending on the results of the prolonged 
OGTT. Subjects whose blood glucose levels were lower than 70 mg/dL at any timepoint after the ingestion of the glucose 
solution were classified as exhibiting RH and assigned to group 2 (n=134). The remaining individuals were assigned to 
group 1 (participants without RH) (n=44). The likelihood of developing atherosclerosis was assessed using the 
atherogenic index of plasma (AIP).22,23 Patients with AIP>0.24 were considered to have an increased cardiovascular 
risk.24
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Definitions
Out of the commonly used atherogenic indices we chose to focus on the AIP as a marker of plasma atherogenicity.22 The 
AIP is defined as the logarithm of the ratio of molar TG and HDL-cholesterol concentrations.25 AIP values lower than or 
equal to 0.24 were considered to be normal.26 The two study subgroups were also compared in terms of other atherogenic 
indices: 1) Castelli’s risk index I (CRI-I), defined as the ratio of total cholesterol to HDL-cholesterol, 2) Castelli’s risk 
index II (CRI-II), defined as the ratio of LDL-cholesterol to HDL-cholesterol, and 3) atherogenic coefficient (AC), 
defined as the ratio of non-HDL-cholesterol to HDL-cholesterol.25,27 In order to identify insulin resistance (IR), we used 
the Homeostasis Model Assessment of Insulin Resistance (HOMA-IR), which is the product of fasting plasma insulin 
(mU/L) and fasting plasma glucose (mmol/L) divided by 22.5.28 IR was diagnosed when HOMA-IR was greater than or 
equal to 2.5.29

Hypoglycemia was defined as glucose plasma levels lower than 70 mg/dL.19

Dyslipidemia was defined as total cholesterol≥190 mg/dL, or TG≥150 mg/dL, or LDL-cholesterol ≥115 mg/dL, or 
HDL-cholesterol<40 mg/dL (for men) and HDL-cholesterol<45 mg/dL (for women).30

Statistical Analysis
Statistical analysis was done with the use of Statistica 13.3, StatSoft Polska Sp. z. o. o. 2022. The relationship between 
RH and the risk of developing atherosclerosis was estimated using univariate logistic regression. Potential risk factors for 
developing atherosclerosis were analyzed using multivariate logistic regression. P-values of less than 0.05 were 
considered to be statistically significant.

Results
Anthropometric Data
Comparing the results of the two analyzed groups, we observed a statistically significant difference in fasting blood 
glucose and blood glucose levels at hours 3, 4, and 5 of the prolonged OGTT. Interestingly, group 1 and group 2 differed 
significantly in terms of their fasting insulin levels and insulin levels at hours 4 and 5 after glucose solution ingestion. 
Surprisingly, HOMA-IR was considerably higher in group 1, with the mean value of 2.7, whereas in group 2, the mean 
HOMA-IR value was 1.9. A similar tendency was found in terms of body weight and the mean body mass index (BMI). 
Patients from group 1 had significantly higher BMI when compared with those from group 2.

There was a significant difference in lipid profile results between the analyzed groups. HDL-cholesterol levels were 
significantly higher in individuals with RH, whereas TG levels were higher in subjects without RH. It is crucial to note 
that the analyzed groups were significantly different with respect to all atherogenic indices. Even more striking is the fact 
that non-RH participants on average had higher atherogenic index values than patients with RH (CRI-I – group 1: 3.7 
±1.2, group 2: 3.1±1.3, p=0.004; CRI-II – group 1: 2.1±0.9, group 2: 1.7±0.9, p=0.007; API – group 1: 0.34±0.33, group 
2: 0.18±0.3, p=0.006; AC – group 1: 2.7±1.2, group 2: 2.1±1.3, p=0.004). No significant difference was found between 
group 1 and group 2 as far as thyroid stimulating hormone and cortisol levels were concerned.

Based on the available data, no significant difference was found between the analyzed groups in terms of smoking 
status and family history of CVD (smoking(N=61) – group 1(n=18): 3(16.7%), group 2(n=41): 12(27.9%), p=0.35; 
family history of CVD(N=54) – group 1(n=15): 8(53.3%), group 2(n=39): 21(53.9%), p=0.97).

Analysis of potential atherosclerosis risk factors has been presented in Table 1, whereas the results of multivariate 
logistic regression are in Table 2. An AIP value of >0.24 was regarded as an indicator of an increased risk of 
atherosclerosis.

Univariate Logistic Regression
Univariate logistic regression analysis (Table 1) showed that established atherosclerosis risk factors such as dyslipidemia, 
elevated BMI, or impaired glucose tolerance (IGT) can be considered to be risk factors of atherosclerosis (dyslipidemia 
OR 5,5 with a 95% Cl of 2.7–11.2, p=0.0001) (BMI OR 1.22 [95% Cl 1.15–1.3], p=0.0001) (IGT OR 8.5 [95% Cl 2.8– 
26.1], p=0.0002). Similarly, elevated TG levels were found to be a risk factor for atherosclerosis (OR 1.13 [95% Cl 1.09– 
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Table 1 Univariate Logistic Regression

Feature OR 95% OR P-value

Age 1.02 0.99–1.04 0.11

Gender (men) 4.1 1.7–9.9 0.002

Arterial hypertension 2.3 1.02–5.3 0.05

Dyslipidemia 5.5 2.7–11.2 0.0001

Body mass 1.1 1.05–1.1 1.1

BMI 1.22 1.15–1.3 0.0001

HOMA-IR 2.13 1.6–2.9 0.0001

Fasting glycemia 1.06 1.02–1.1 0.003

1st hour OGTT glycemia 1.02 1.01–1.03 0.0001

2nd hour OGTT glycemia 1.03 1.02–1.04 0.0001

3rd hour OGTT glycemia 1.02 1.001–1.03 0.04

4th hour OGTT glycemia 1.002 0.98–1.03 0.89

5th hour OGTT glycemia 0.99 0.96–1.03 0.6

Impaired fasting glucose 2.8 0.7–11.4 0.16

Impaired glucose tolerance and diabetes mellitus 8.5 2.8–26.1 0.0002

RH 0.3 0.16–0.7 0.002

Fasting insulin 1.2 1.1–1.3 0.0001

Insulin: 1 hour after glucose administration 1.02 1.01–1.02 0.0001

Insulin: 2 hours after glucose administration 1.02 1.01–1.03 0.0001

Insulin: 3 hours after glucose administration 1.01 1.002–1.03 0.02

Insulin: 4 hours after glucose administration 1.2 1.1–1.2 0.0001

Insulin: 5 hours after glucose administration 1.4 1.2–1.5 0.0001

Total cholesterol 1.02 1.01–1.03 0.0003

LDL-cholesterol 1.02 1.01–1.03 0.0001

HDL-cholesterol 0.85 0.8–0.9 0.0001

Triglycerides 1.13 1.09–1.2 0.0001

Abbreviations: RH, reactive hypoglycemia; BMI, body mass index; HOMA-IR, homeostatic model assessment for insulin 
resistance; OGTT, oral glucose tolerance test; LDL, low density lipoprotein; HDL, high density lipoprotein; TSH, thyroid 
stimulating hormone; OR, odds ratio.

Table 2 Multivariate Logistic Regression

Feature p OR Confidence OR −95% Confidence OR 95%

Triglycerides 0.001 1.139 1.075 1.206

Body mass 0.002 1.070 1.025 1.118

Abbreviation: OR, odds ratio.
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1.2], p=0.0001). Increased values of both HOMA-IR and fasting insulin can also be viewed as atherosclerosis risk factors 
(OR 2.13 [95% Cl 1.6–2.9], p=0.0001; OR 1.2 [95% Cl 1.1–1.3], p=0.0001, respectively). The analysis did not reveal RH 
to increase the risk of atherosclerosis (OR 0.3 [95% Cl 0.16–0.7], p=0.002).

Independent Atherosclerosis Risk Factors
Multivariate logistic regression analysis revealed that elevated TG levels can be regarded as independent risk factors for 
atherosclerosis (TG OR 1.139 [1.075–1.206], p=0.001) (Table 2). Although increased body weight was found to be 
independently associated with atherosclerosis, the strength of the association was weak (body weight OR 1.070 [1.025– 
1.118], p=0.002) (Table 2).

Discussion
RH is defined as glucose plasma levels lower than 70 mg/dL that occurs 2–5 hours after a meal.31 In order to diagnose 
RH, Whipple triad criteria have to be met.32 This means that hypoglycemic episodes have to occur during a fasting 
period, glucose intake should lead to symptom suppression, and symptoms have to be associated with low blood glucose 
levels.33 Depending on the time after which plasma glucose levels fall below 70 mg/dL, RH can be categorized as: 
idiopathic – occurring approximately 3 hours after a meal, postprandial – occurring within 0.5–2 hours, and late – 
occurring 4–5 hours after a meal.34 The last category may be related to impaired insulin sensitivity, and thus, late RH can 
be regarded as a predictor of type 2 DM.31,32

To our knowledge, no large clinical studies have been conducted on the epidemiology of RH. Therefore the 
prevalence of RH is difficult to estimate. Furthermore, there are no standardized guidelines on how to diagnose RH, 
and there are various diagnostic glucose cut-off values suggested in literature.34,35

Hypoglycemia can be considered as a major distress to the human body and in some cases can be life-threatening.10 

In order to maintain glucose homeostasis, a vast array of counter-regulatory mechanisms evolved to prevent tissues from 
the negative consequences associated with hypoglycemia.10 Blood glucose levels below 80 mg/dL inhibit insulin 
secretion, whereas blood glucose lower than 70 mg/dL results in the release of counter-regulatory hormones.8 

Glucagon, epinephrine, norepinephrine, growth hormone, and cortisol play a major role in the hormonal response to 
hypoglycemia.8 In order to estimate the counter-regulatory response to hypoglycemia, insulin, glucose, and morning 
cortisol levels were measured in blood samples of all patients undergoing this study.36 Contrary to our expectations, no 
significant differences in cortisol levels were found between the individuals diagnosed with RH and those without this 
condition. There are several possible explanations for this observation. Firstly, the threshold for hypoglycemia in our 
study was set at 70 mg/dL in accordance with the American Diabetes Association criteria.19 Cortisol surges when blood 
glucose levels fall below 58 mg/dL. Thus, some patients who were diagnosed with RH may have not reached the required 
threshold for cortisol release.37 Secondly, both hyperinsulinemia and the hypoglycemic episodes that precede it diminish 
the effectiveness of counter-regulatory mechanisms during the subsequent hypoglycemic episodes.14,37 However, the 
comparison of patients with and without RH did not reveal the predominance of the former group in terms of insulin 
concentration. Moreover, insulin levels at hours 4 and 5 of the prolonged OGTT were significantly higher in the non-RH 
group than in the RH group (Table 3). These results seem to support the first explanation of cortisol results.

Although hypoglycemia-associated counter-regulatory mechanisms are crucial for maintaining glucose homeostasis, 
their impact on the cardiovascular system can be described as detrimental.36 Hypoglycemia induces abnormal platelet 
activation, increases the risk of thrombosis, disrupts endothelial function, and can be regarded as a pro-inflammatory 
state.10,16 Similar pathophysiological changes that occur as part of the counter-regulatory response to hypoglycemia are 
also responsible for atherosclerotic plaque formation.10,38 However, it is uncertain whether hypoglycemia causes 
atherosclerosis or rather is only an indicator of the body’s susceptibility to adverse cardiovascular events.16

There is even less research available on the role of RH in the pathogenesis of atherosclerosis. Çiftçi et al [2019] claim 
to be the first to have explored the association between postprandial RH and subclinical atherosclerosis in reasonably 
healthy individuals.18 In order to estimate the severity of preclinical atherosclerosis, those authors compared two 
subgroups of patients (those diagnosed with RH [n=28] and those without RH [n=23]) in terms of carotid intima 
media thickness (cIMT), epicardial fat tissue (EFT), and high-sensitivity C-reactive protein (hs-CRP) levels. The RH 
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Table 3 Anthropometric Data, Blood Tests Results

Feature Group 1 – Patients Without RH 
N=44 (±SD)

Group 2 – Patients With RH 
N=134 (±SD)

P-value

Age (years) 34.1±0.4 36.7±0.4 0.46

Gender (male, n(%)) 7(15.9) 21(15.7) 0.97

Arterial Hypertension (n (%)) 9(20.5) 19(14.2) 0.32

Dyslipidemia 17(38.6) 33(24.6) 0.07

Body mass (kg) 92.9±26.3 77.4±22.1 0.0006

BMI (kg/m²) 32.2±8.5 27.6±7.4 0.001

HOMA-IR 2.7±2.14 1.9±1.6 0.02

Fasting glycemia (mg/dl) 87.4±9.1 83.3±9.1 0.02

1st hour OGTT glycemia (mg/dl) 125.9±42.4 132.1±43.9 0.25

2nd hour OGTT glycemia (mg/dl) 106.6±27.8 102.3±35 0.42

3rd hour OGTT glycemia (mg/dl) 85.4±13.3 73.5±22.6 0.00001

4th hour OGTT glycemia (mg/dl) 80.4±9.2 66.9±10.9 0.000001

5th hour OGTT glycemia (mg/dl) 81.4±7.6 76.4±8.8 0.0005

Impaired fasting glucose (n (%)) 3(6.8) 6(4.5) 0.54

Impaired glucose tolerance and diabetes mellitus (n (%)) 6(13.6) 18(13.4) 0.97

Fasting insulin (mIU/L) 12.4±8.7 9.7±7.6 0.04

Insulin: 1 hour after glucose administration (mIU/L) 77.3±52.7 83.8±55.3 0.35

Insulin: 2 hours after glucose administration (mIU/L) 62.4±56.7 69±71.2 0.51

Insulin: 3 hours after glucose administration (mIU/L) 24.9±24.4 26.4±42 0.41

Insulin: 4 hours after glucose administration (mIU/L) 16.1±35.6 10.2±22.2 0.008

Insulin: 5 hours after glucose administration (mIU/L) 12.3±20.3 6.3±5.5 0.01

Total cholesterol (mg/dL) 183.3±32.7 179.6±37.7 0.61

LDL-cholesterol (mg/dL) 102.9±35.1 96.5±31.4 0.31

HDL-cholesterol (mg/dL) 54.3±18.8 63±18.5 0.003

Triglycerides (mg/dL) 129.1±75.9 104.9±63.3 0.02

Cortisol 8:00 AM (μg/dL) 14±7.2 13.4±5.2 0.78

TSH (μU/mL) 1.8±1.13 1.93±1.1 0.48

Creatinine (mg/dL) 0.8±0.1 0.8±0.1 0.97

CRI-I 3.7±1.2 3.1±1.3 0.004

CRI-II 2.1±0.9 1.7±0.9 0.007

AIP 0.34±0.33 0.18±0.3 0.006

AC 2.7±1.2 2.1±1.3 0.004

Acetylosalicylic acid (n (%)) 1(2.3) 2(1.5) 0.72

(Continued)

https://doi.org/10.2147/DMSO.S371706                                                                                                                                                                                                                               

DovePress                                                                                             

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15 3138

Landowska et al                                                                                                                                                     Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


group had significantly worse results in all the above variables in comparison with the control group. Thus, Çiftçi et al 
demonstrated that patients who suffer from RH are at a higher atherosclerotic risk than healthy subjects.18 Our findings 
are contrary to those reported by Çiftçi. In order to assess the risk of developing atherosclerosis, we compared the 
patients with RH with those without RH in terms of four atherogenic indices: CRI-I, CRI-II, API, and AC. Surprisingly, 
individuals with RH had significantly lower values of all four atherogenic indices than the non-RH subgroup (Table 3). 
The discrepancy between our and Çiftçi’s results may be due to various factors. For example, our study design differs 
from Çiftçi’s (2019) in terms of the sample size (n=178 vs n=51) and the method of atherosclerosis risk assessment 
(atherogenic index values vs cIMT, EFT, and hs-CRP levels).

In order to further explore the relationship between atherosclerosis and RH, we decided to assess if patients with RH differ 
significantly from the non-RH group in terms of established atherosclerosis risk factors. The 2021 European Society of 
Cardiology (ESC) Guidelines on cardiovascular disease prevention in clinical practice name five main, modifiable risk factors 
of atherosclerotic cardiovascular disease (ASCVD): blood apo-B-containing lipoproteins, especially LDL cholesterol, hyper-
tension, cigarette smoking, DM, and adiposity.39 Having taken into consideration a study by Strisciuglio [2020], who proved 
the utility of HOMA-IR in coronary atherosclerotic disease risk assessment, we additionally characterized our patients in terms 
of IR (Table 3).40 Interestingly, patients with RH had significantly lower values of BMI and lower body weight than the control 
group. Additionally, we found that individuals with RH had significantly better insulin sensitivity than non-RH subjects. 
Nevertheless, no significant difference between the subgroups was found in terms of total and LDL-cholesterol levels (Table 3). 
The RH subgroup had significantly better results regarding HDL-cholesterol and TG levels (Table 3). Similar observations on 
glucose and lipid metabolism in patients with RH were made by Hall M. et al (2021), who reported no significant abnormalities 
in insulin response or alterations in the lipid profile in individuals with RH.34 On the other hand, Lv X et al (2020) found that at 
hours 3 and 4 of an OGTT, the incidence of RH was higher in obese subjects than in patients with BMI<30 kg/m2. Furthermore, 
their results showed that an increase of BMI was associated with an upward trend in terms of blood insulin levels. Thus, they 
concluded that the occurrence of RH may be related to increased body weight and IR.35 The divergent study results may be 
associated with the lack of standardized guidelines on RH diagnosis and the heterogeneity of study populations.

Another not fully researched aspect of RH is whether this condition can be regarded as a novel atherosclerosis risk factor. 
Our univariate logistic regression analysis showed that, apart from the well-established atherosclerosis risk factors, such as 
dyslipidemia (OR=5.5 [2.7–11.2] p=0.0001) or an increased BMI (OR=1.22 [1.15–1.3] p=0.0001), also HOMA-IR 
(OR=2.13 [1.15–1.3] p=0.0001), fasting insulin (OR=1.2 [1.1–1.3] p=0.0001), and elevated insulin levels at hours 4 and 5 
of a prolonged OGTT (OR=1.2 [1.1–1.2] p=0.0001; and OR=1.4 (1.2–1.5) p=0.0001, respectively) may be regarded as 
atherosclerosis risk factors (Table 1). Our results are consistent with those by Di Pino et al, who investigated a possible link 
between IR and atherosclerosis. In his review, Di Pino reported that there is considerable evidence indicating a strong 
association between IR and ASCVD.41 Our analysis showed that, unlike IR, RH cannot be regarded as atherosclerosis risk 

Table 3 (Continued). 

Feature Group 1 – Patients Without RH 
N=44 (±SD)

Group 2 – Patients With RH 
N=134 (±SD)

P-value

ACEI (n (%)) 3(6.8) 11(8.2) 0.76

Angiotensin receptor blockers (n (%)) 0(0) 2(1.5) 0.41

Beta-adrenergic blocking agents (n (%)) 5(11.4) 14(10.4) 0.86

Indapamide (n (%)) 3(6.8) 4(2.9) 0.26

Alpha blockers (n (%)) 2(4.5) 2(1.5) 0.24

Calcium channel blockers (n (%)) 1(2.3) 8(5.9) 0.33

Abbreviations: RH, reactive hypoglycemia; BMI, body mass index; HOMA-IR, homeostatic model assessment for insulin resistance; OGTT, oral glucose tolerance test; 
LDL, low density lipoprotein; HDL, high density lipoprotein; TSH, thyroid stimulating hormone; CRI-I, Castelli’s Risk Index I; CRI-II, Castelli’s Risk Index II; AIP, Atherogenic 
Index of Plasma; AC, Atherogenic Coefficient; ACEI, Angiotensin-converting enzyme inhibitors.
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factor, as it is even associated with a reduced risk of atherosclerosis. Moreover, the risk of atherosclerosis development in 
patients with RH is over three times lower than that in non-RH individuals (Table 1). However, our multivariate logistic 
regression analysis did not show this relationship. Only increased body weight (OR=1.070 [1.025–1.118] p=0.002) and TG 
(OR=1.139 [1.075–1.206] p=0.001) were found to be independent risk factors for atherosclerosis (Table 2). The significant 
influence of obesity and overweigh on the development of ASCVD is well established.30 According to ESC and European 
Atherosclerosis Society (EAS) guidelines for the management of dyslipidaemias BMI maintenance in the range of 20–25 
should constitute one of the treatment targets for CVD prevention.30 The role of TG in the development of ASCVD was also 
discussed there. Our results are consistent with the guidelines which indicate that there is causal association between TG-rich 
lipoproteins (TGRLs), their remnants, and the risk of ASCVD.30 Additional information on the relationship between TG and 
atherosclerosis was provided by M. Farnier et al. The objective of their review was to summarize recent knowledge on the 
association between atherosclerosis and TG. The authors argue that although LDL cholesterol-lowering treatment results in 
substantial ASCVD risk reduction, patients on statin therapy, with increased TG levels have a higher residual risk due to the 
presence of TGRLs.42 Furthermore, TGRLs have proinflammatory and prothrombotic properties.42 To the best of our 
knowledge, this is the first time RH has been reported to be associated with a reduced risk of atherosclerosis. Due to the 
limited number of studies on this topic and the discrepant conclusions that can be drawn from the available literature, further 
research on the relationship between atherosclerosis and RH is required.

Study Limitations
Our study has some limitations. Firstly, the retrospective character of our study greatly limited any study design 
modifications. Secondly, the cross-sectional character of our study hindered us from unequivocally determining if RH 
can be regarded as an atherosclerosis risk factor. Lastly, out of the various methods of atherosclerosis risk stratification 
presented in the literature, we focused on the AIP. Unfortunately, this situation precludes comparing the results of our 
study and those that used different methods of atherosclerosis risk assessment.

Conclusions
In conclusion, we found that the prevalence of atherosclerosis risk factors is not increased in patients with RH. Moreover, 
our study results suggested that RH might be associated with a reduced risk of atherosclerosis. Further research, 
especially including prospective, longitudinal studies is necessary to establish if RH should be taken into consideration 
in atherosclerosis risk stratification.
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