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Abstract

BACKGROUND

In healthy people, the lowest daily blood glucose concentration is usually
observed in the early morning, after overnight fasting. However, the clinical
relevance and the prevalence of fasting biochemical hypoglycemia (FBH) are
poorly understood in people who do not have diabetes, although the clinical
implications of such hypoglycemia have been extensively studied in patients with
diabetes. FBH can be influenced by many factors, including age, sex, body mass,
smoking, alcohol drinking, exercise levels, medications, and eating behaviors,
such as breakfast skipping and late-night eating.

AIM
To determine the prevalence of FBH and investigated its association with
potential risk factors in a population without diabetes.

METHODS

Clinical parameters and lifestyle-related factors were assessed in a cross-sectional
study of 695613 people aged 40-74 years who had undergone a health check-up
(390282 men and 305331 women). FBH was defined as fasting plasma glucose <70
mg/dL (3.9 mmol/L) after overnight fasting, regardless of any symptoms. The
absence of diabetes was defined as HbAlc < 6.5%, fasting plasma glucose < 126
mg/dL (7.0 mmol/L), and no pharmacotherapy for diabetes. Multivariate logistic
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regression analysis, with adjustment for confounding factors, was used to identify
associations.

RESULTS

FBH was present in 1842 participants (0.26%). There were significantly more
women in the FBH group (59.1%) than in the non-FBH group (43.9%). Values of
most of the clinical parameters, but not age, were significantly lower in the FBH
group than in the non-FBH group. Logistic regression analysis showed that a
body mass index of < 20.9 kg/m? (reference: 21-22.9 kg/m?) and current smoking
were significantly associated with FBH, and this was not altered by adjustment for
age, sex, and pharmacotherapy for hypertension or dyslipidemia. Female sex was
associated with FBH. When the data were analyzed according to sex, men in their
60s or 70s appeared more likely to experience FBH compared with their 40s,
whereas men in their 50s and women aged > 50 years appeared less likely to
experience FBH. The relationships of FBH with other factors including alcohol
drinking and pharmacotherapies for hypertension and dyslipidemia also differed
between men and women.

CONCLUSION

FBH occurs even in non-diabetic people, albeit at a very low frequency. FBH is
robustly associated with low body mass and smoking, and its relationship with
lifestyle factors varies according to sex.

Key Words: Hypoglycemia; Body mass index; Age; Smoking; Women; Breakfast skipping

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The clinical relevance of fasting biochemical hypoglycemia (FBH) is poorly
understood in people who do not have diabetes. Therefore, we determined the
prevalence of FBH and its relationships with other parameters in approximately
700000 people who did not have diabetes. FBH was identified in 0.26% of the
participants and women were over-represented among these (59.1%). Low body mass
and smoking were associated with FBH in both men and women. Women and men in
their 60s and 70s were more likely to experience FBH, and the relationships of FBH
with other factors differed between men and women.

Citation: Tanaka K, Higuchi R, Mizusawa K, Nakamura T, Nakajima K. Fasting biochemical
hypoglycemia and related-factors in non-diabetic population: Kanagawa Investigation of Total
Check-up Data from National Database-8. World J Diabetes 2021; 12(7): 1131-1140

URL: https://www.wjgnet.com/1948-9358/full/v12/i7/1131.htm

DOI: https://dx.doi.org/10.4239/wjd.v12.i7.1131

INTRODUCTION

Hypoglycemia is one of the most serious complications during the treatment of
diabetes, whether it be type 1, type 2, or another type[1-4]. Hypoglycemia is associated
with high mortality due to cardiovascular events and impaired cognitive function. The
prevalence and severity of hypoglycemia, which is particularly frequent in diabetic
patients who are administering insulin[1-4], are affected by multiple factors, including
medication, diet, exercise, and the presence of comorbidities. However, the clinical
relevance of hypoglycemia is poorly understood in people who do not have diabetes,
and its prevalence has been determined in only a few small studies[5-7]. In apparently
healthy people, blood glucose concentration tends to be lowest under fasting
conditions in the early morning, after overnight fasting.

We therefore aimed to determine the prevalence of fasting biochemical
hypoglycemia (FBH), which was assessed using a sample of plasma instead of finger-
stick blood, and to identify the associated factors from among age, sex, body mass,
smoking, alcohol drinking, exercise status, and breakfast skipping in a general
population of people without diabetes, using healthcare data provided by the Japanese
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Ministry of Health, Labour, and Welfare.

MATERIALS AND METHODS
Study design and participants

The overarching study was a composite multidisciplinary study that consisted of the
secondary use of annual health check-up data collected in Japan (Kanagawa Invest-
igation of the Total Check-up Data from the National Database) that aimed to
determine the clinical factors associated with cardiometabolic diseases. Details of the
study concept and design have been published elsewhere[8]. The present study was
performed using data from individuals who underwent specific health check-ups and
were living in Kanagawa Prefecture between April 2012 and March 2013. The study
protocol was approved by the Ethics Committee of Kanagawa University of Human
Services (10-43) and the Ministry of Health, Labour, and Welfare of Japan (No. 121).

We received digitally recorded anonymous data from the Ministry of Health,
Labour, and Welfare of Japan in 2017, as part of its nationwide program for the
provision of medical data to third parties[9]. To protect against the identification of
specific individuals, their ages had been categorized as 40-44, 45-49, 50-54, 55-59, 60-64,
65-69, or 70-74 years. However, for the purposes of the present study, to evaluate age
as a single numeric value, we transformed the age groups into substituted ages (st-
age), corresponding to the median for each age group (42, 47, 52, 57, 62, 67, and 72
years, respectively).

We initially reviewed data collected from 1623399 non-hospitalized people aged 40-
74 years who had attended health check-ups. As shown in Figure 1, individuals who
were undergoing pharmacotherapy for diabetes and/or had an HbAlc of > 6.5%,
regardless of their type of diabetes, were excluded (n = 95664; 5.9%). Individuals with
a fasting plasma glucose (FPG) = 126 mg/dL (7.0 mmol/L) were also excluded (n =
34336). After the further exclusion of those for whom incomplete clinical and lifestyle
data were available (n = 797786), data from 695613 individuals remained for analysis
(390282 men and 305331 women).

Measurements

Anthropometric and laboratory measurements were performed in the morning
following an overnight fast. Overnight fasting for > 10 h was individually confirmed
and recorded by a staff member[8]. Body mass, waist circumference at the level of the
navel, and height were measured by trained staff members. Body mass index (BMI)
was calculated as mass (kg) divided by the square of height (m?). The participants
were then placed into eight BMI groups: < 16.9, 17-18.9, 19-20.9, 21-22.9, 23-24.9, 25-
26.9,27-28.9, and = 29.0 kg/m?

Fasting plasma glucose was measured (approximately 54% of samples) mainly by
spectrophotometric or potentiometric (approximately 30%) method[8]. FBH was
defined as an FPG < 70 mg/dL (3.9 mmol/L), regardless of the presence or absence of
symptoms[4,10]. Laboratory measurements were performed using standard
automated methods. Habitual breakfast skipping was defined as a positive response to
the question: “Do you skip breakfast at least three times per week?”[8].

Biostatistics

Data are expressed as mean = SD or medians (interquartile range). Differences in
continuous and categorical datasets between FBH and non-FBH groups were
evaluated using Student’s ¢-test or the y* test, respectively. Trends in the prevalence of
FBH with increasing alcohol consumption and age (three groups were defined: people
in their 40s, 50s, and 60s + 70s) were evaluated using Cochran-Armitage tests. Because
the number of participants in their 70s was relatively low, those in their 70s were
grouped with those in their 60s for the analysis.

A logistic regression model was used to evaluate the relationships between FBH
and plausibly related factors, with adjustment for potential confounding factors (age,
sex, pharmacotherapy for hypertension or dyslipidemia, smoking status, alcohol
consumption, and exercise status), yielding adjusted odds ratios (ORs) and 95%Cls. As
in our previous study[11], a BMI range of 21.0-22.9 kg/m?* was used as the reference.

Statistical analyses were performed using SAS-Enterprise Guide (SAS-EG 7.1) in
SAS software, version 9.4 (SAS Institute, Cary, NC, United States). P < 0.05 was
considered to represent statistical significance. The statistical methods of this study
were reviewed by Dr. Hiroto Narimatsu from the Kanagawa Cancer Center Research
Institute, Yokohama, Japan.
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RESULTS

The clinical characteristics of the participants, grouped according to the absence or
presence of FBH, are shown in Table 1. FBH was experienced by 1842 participants
(0.26% of the total). Women were significantly over-represented in the FBH group and
the prevalence of FBH was significantly higher in women (0.35%, n = 1,088) than in
men (0.18%, n = 754) (x*test, P < 0.001).

BMI, systolic blood pressure, serum triglyceride, and HbAlc were significantly
lower in the FBH group than in the non-FBH group (P < 0.001). No difference in st-age
was found, but the plasma high-density lipoprotein-cholesterol concentration was
significantly higher in the FBH group (P < 0.001). The prevalence of current smoking
and breakfast skipping was significantly higher in the FBH group, whereas that of
pharmacotherapy for hypertension, late-night dining, and high alcohol consumption
was lower in the FBH group.

Figure 2 shows the results of logistic regression analysis, with adjustment for all the
listed potential confounding factors (covariates) in the 695613 participants. Low BMI (<
20.9 kg/m?) was significantly associated with FBH, compared with the reference BMI
category of 21-22.9 kg/m? The OR of BMI < 16.9 kg/m? for FBH was almost four,
compared with the reference BMI. By contrast, BMI = 23.0 kg/m? was inversely
associated with FBH. Female sex, current smoking, a history of cardiovascular disease,
pharmacotherapy for dyslipidemia, habitual exercise, and breakfast skipping were
also significantly associated with FBH. Being in one’s 50s and mild-to-moderate
alcohol consumption (23-68 g ethanol/day), but not heavy consumption, were
inversely associated with FBH, compared with being in one’s 40s and a small amount
of alcohol consumption (< 23 g ethanol/day), respectively.

However, the relationships of FBH with several of these factors were changed when
data from men and women were analyzed separately. Among the men (Figure 3),
those in their 60s and 70s were more likely to have FBH. Pharmacotherapy for either
hypertension or dyslipidemia was associated with FBH. Additionally, the inverse
association of FBH with mild-to-moderate alcohol consumption was also present in
men alone. By contrast, among women (Figure 4), those aged = 50 were less likely to
have FBH. A history of cardiovascular disease was significantly associated with FBH.
However, mild-to-moderate alcohol consumption was not significantly associated
with FBH in women. Finally, the associations of FBH with habitual exercise and
breakfast skipping almost disappeared when data from men and women were
analyzed separately (Figures 3 and 4), although both associations were marginally
significant in women.

DISCUSSION

Hypoglycemia frequently occurs in diabetic patients undergoing pharmacotherapy
and is difficult to predict[1-4]. In the present study, we have demonstrated that FBH
also occurs in non-diabetic people, although the prevalence was very low (less than
1.0% of the total) in the general population studied, in contrast to that in diabetic
patients[12,13]. This prevalence of FBH is not dissimilar to that of hypoglycemia (0.2%-
0.5%) in non-diabetic people[3,5]. Among the potential confounding factors
considered, low body mass and smoking were robustly associated with FBH in both
men and women, and across the entire group, women appeared more likely to
experience FBH than men. However, when data from each sex were analyzed
separately, older women were found to be less likely to have FBH, whereas older men
were more likely. The relationships of FBH with other factors (pharmacotherapy, a
history of cardiovascular disease, and alcohol consumption) also differed between
men and women. Habitual exercise and breakfast skipping were associated with FBH
across the entire group, although these associations disappeared when men and
women were analyzed separately, probably due to the lower statistical power.

Consistent with our findings, many previous studies have shown associations
between low body mass and hypoglycemia in patients with diabetes[14-16].
Additionally, severe hypoglycemia has been shown to be prevalent in people with
diabetes who are habitual smokers[17,18]. Therefore, common mechanisms may
mediate the relationships between hypoglycemia, low body mass, and habitual
smoking, regardless of the type of diabetes present.

FBH can occur as a reactive hypoglycemia in the non-diabetic population[19,20]. For
example, reactive hypoglycemia caused by the dumping syndrome, with an incretin-
driven insulin hypersecretory response occurs within a few hours of eating a meal in
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Table 1 Characteristics of the participants, categorized according to the presence or absence of fasting biochemical hypoglycemia

No FBH FBH
n (% of total) 693771 (99.7) 1842 (0.26)
st-Age (yr) 54.7 £10.1 54.7 £10.7
40s, 1 (%) 269439 (99.7) 758 (0.28)
50s, 1 (%) 185374 (99.8) 418 (0.22)
60s + 70s, 1 (%) 238958 (99.7) 666 (0.28)
Women, 7 (%) 304243 (43.9) 1088 (59.1)
BMI (kg/m?) 229433 21.2+34°
Systolic blood pressure (mmHg) 122+16.8 118 +17.8°
High-density lipoprotein-cholesterol (mg/dL) 64.2+£16.8 70.6 +19.0°
Triglyceride, IQR (mg/dL) 90 (64-131) 71 (49-108)°
Fasting plasma glucose (mg/dL) 94.3 +10.0 64.7 5.6
HbAlc (%) 55404 54+0.6°
Pharmacotherapy for hypertension, 1 (%) 120461 (17.4) 282 (15.3)"
Pharmacotherapy for dyslipidemia, 1 (%) 77208 (11.1) 213 (11.6)
Cardiovascular disease, 1 (%) 21410 (3.1) 71 (3.9)
Current smoking, 1 (%) 146253 (21.1) 492 (26.7)
Habitual exercise, 1 (%)" 217322 (31.3) 597 (32.4)
Breakfast skipping, 1 (%)’ 102669 (14.8) 309 (16.8)*
Late night dinner, 1 (%)*, N = 689639 205062 (29.8) 482 (26.3)°
Alcohol consumption per day (g ethanol)
<23g 379830 (54.8) 1167 (63.4)
2345 ¢g 193102 (27.8) 421 (22.9)
46-68 g 88021 (12.7) 173 (9.4)
269¢g” 32818 (4.7) 81 (4.4)

Differences in continuous and categorical variables between the two groups were evaluated using Student’s t-test or the y test, as appropriate. The trends
with increasing alcohol consumption were evaluated using the Cochran-Armitage test.

4P < 0.05.

P <0.01.

P < 0.001.

Defined as habitual exercise to a light sweat for over 30 min per session twice weekly.

"Defined as a daily alcohol consumption of > 46 g ethanol.

3Defined as skipping breakfast at least three times per week.

*Defined as eating dinner within the 2 h preceding bedtime at least three times per week. st-Age: Substituted age; BMI: Body mass index; IQR: Interquartile
ratio; FBH: Fasting biochemical hyperglycemia.

people who have undergone gastric or esophageal surgery[21,22]. However, because
we excluded individuals from the present study who ate within the 10 h preceding
blood sampling, which was established using individual questionnaires, the FBH of
the individuals in the present study is unlikely to represent this type of reactive
hypoglycemia, which often accompanies hyperinsulinemia[19,20]. However,
hypoglycemia in the early morning may be caused by hepatic dysfunction and low
gluconeogenesis, both in non-diabetic and diabetic individuals[23,24].

Many conditions and diseases are considered to contribute to the incidence of
hypoglycemia in non-diabetic people[24,25]. For example, adrenal insufficiency, use of
pain-relieving medication, malnutrition or low food intake, infection, low hepatic
gluconeogenic capacity, and low glycogen storage have all been implicated.

The reasons why women and older men were more likely to have FBH are
unknown. A plausible explanation for the former is that the insulin sensitivity of
women is higher, whereas their hepatic gluconeogenesis is lower because of higher
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At baseline,
1623399 subjects
were reviewed

95664 subjects were excluded due to
>l diabetes (HbA1lc > 6.5% and /or
Y pharmacotherapy for diabetes)

1527735 subjects
remained

A J

.| 34336 subjects were excluded
due to high FPG of > 126 mg/dL

1493399 subjects
remained

797786 subjects were excluded
due to incomplete data

Y

695613 subjects
remained

Figure 1 Exclusion criteria and participant disposition. The exclusion criteria and participant flow chart are shown. FPG: Fasting plasma glucose.
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Figure 2 Odds ratios and 95% confidence interval for the relationships between various parameters and fasting biochemical
hypoglycemia across the entire group. BMI: Body mass index; Cl: Confidence interval.

Jaishideng®

WJD | https://www.wjgnet.com

circulating 17p-estradiol concentrations in women than men[26,27]. Furthermore,
older men may have a lower gluconeogenic capacity than younger men[28,29], which
would result in an inadequate supply of blood glucose in the early morning before
breakfast. The insulin sensitivity of individuals who habitually exercise may also be
higher, possibly contributing to lower blood glucose concentrations. However, it is
unknown whether such factors specifically influence the incidence of FBH.

Acute alcohol consumption increases the risk of hypoglycemia through the
suppression of gluconeogenesis in the liver, which is more likely to occur in the fasting
state in both diabetic and non-diabetic people[30-32]. However, the long-term effect of
alcohol consumption is poorly understood[32].

In the present study, heavy alcohol consumption (= 69 g ethanol/day) was not
associated with FBH, whereas mild-to-moderate consumption was inversely
associated with FBH, particularly in men. A plausible explanation for this is that
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individuals who drink mild-to-moderate amounts of alcohol may concurrently
consume an inadequate amount of food, predisposing toward subsequent
hypoglycemia. In heavy drinkers, carbohydrate intake and glycogen storage may be
inadequate, which could result in hypoglycemia several hours later, in addition to
their lower renal and hepatic gluconeogenesis[31,32].
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The reasons why breakfast skipping and pharmacotherapy for hypertension and
dyslipidemia tended to be associated with FBH are unknown. A plausible reason for
the former is that the sensitivity to hypoglycemia may be low, such that it does not
elicit hunger and consequently removes the perceived need for the consumption of
breakfast. In contrast, the lower prevalence of late-night dining in the FBH group
(Table 1) may be less prevalent because the consumption of carbohydrates before sleep
prolongs the peak blood glucose concentration until early morning.

Although we have shown that FBH occurs even in non-diabetic people, its clinical
relevance in this group remains to be more fully determined. Although higher
mortality in hospital[6,33], traffic accidents due to cognitive dysfunction[34], and fatal
arrhythmias such as QT prolongation[35] are more prevalent in non-diabetic
individuals who experience hypoglycemia, it is unknown whether these problems are
also more common in non-diabetic people who experience FBH, and this deserves
further study.

The main strength of the present study was that the FPG concentration was
measured using a standard laboratory method, rather than using portable glucose
meters, which can sometimes be inaccurate[36,37]. Furthermore, we were unable to
conduct the present analysis until we had collected data from hundreds of thousands
of people because of the very low prevalence of FBH. To the best of our knowledge,
this study is the first to determine the prevalence of FBH and identify the associated
factors in a non-diabetic population.

The present study also had several limitations. First, the assessment of hypog-
lycemia was conducted just once, using plasma samples obtained after overnight
fasting. Therefore, it is unknown whether the prevalence of calculated FBH represents
a transient or persistent phenomenon. Furthermore, the prevalence of hypoglycemia,
including reactive hypoglycemia, during the daytime was not assessed during the
present study. Second, the diet of the participants was not assessed in the present
study, which prevented investigation of the relationships between the amounts of
carbohydrates and energy consumed with FBH. Finally, we cannot draw conclusions
with respect to cause and effect using the data collected because the study was cross-
sectional. To identify causal relationships, a prospective, large-scale study of non-
diabetic people should be conducted in the future.

CONCLUSION

We have shown that FBH occurs even in non-diabetic people, albeit very infrequently.
FBH appears to be robustly associated with low body mass and smoking. Women and
men in their 60s and 70s were more likely to experience FBH, and the relationships
between FBH and other factors also differed between men and women.

ARTICLE HIGHLIGHTS

Research background
The clinical relevance and the prevalence of fasting biochemical hypoglycemia (FBH)
are poorly understood in a general population without diabetes.

Research motivation
FBH can be influenced by many factors, including age, sex, body mass, smoking,
alcohol drinking, exercise levels, medications, and eating behaviors.

Research objectives
We determined the prevalence of FBH and investigated its association with potential
risk factors in a population who did not have diabetes.

Research methods

In a cross-sectional study of 695613 people aged 40-74 years who had undergone a
health check-up, clinical parameters and lifestyle-related factors were reviewed. FBH
was defined as a fasting plasma glucose < 70 mg/dL (3.9 mmol/L) after overnight
fasting, regardless of any symptoms.
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Research results

The prevalence of FBH was very low (0.26%) in this study. A body mass index of <
20.9 kg/m? and current smoking were significantly associated with FBH, which was
not altered by adjustment for age, sex, and pharmacotherapy for hypertension or
dyslipidemia. When the data were analyzed according to sex, men in their 60s or 70s
appeared more likely to experience FBH compared with their 40s, whereas men in
their 50s and women aged > 50 years appeared less likely to experience FBH.

Research conclusions

FBH was observed even in non-diabetic people, albeit at a very low frequency. FBH is
robustly associated with low body mass and smoking, and its relationship with
lifestyle factors varies according to sex.

Research perspectives

To identify causal relationships between FBH and relevant factors (underweight,
smoking, men in their 60s and so on), a prospective, large-scale study of non-diabetic
people should be conducted in the future.
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