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1 | INTRODUCTION

In patients with diabetes, hypoglycemia is a barrier to
treatment. Severe hypoglycemia has been associated with
increased risk of premature mortality, cardiovascular dis-
ease, and fatal arrhythmias.l’2 In addition, the risk of de-
mentia has been reported to increase with the number of
severe hypoglycemia episodes.® In patients without diabe-
tes, severe hypoglycemia may indicate a serious clinical
condition; in fact, it has been associated with abnormal
QT prolongation4 and increased risk of premature death.’
Thus, hypoglycemia needs to be prevented or promptly
addressed in all patients.

Risk factors for hypoglycemia include treatment with
insulin or sulfonylurea, older age, chronic kidney disease
(CKD), liver failure, dementia, and tight glycemic control.
In the association between nutritional status and hypo-
glycemia, a previous study that assessed nutritional status
using the Nutritional Risk Screening-2002 (NRS-2002)°
recently found that malnutrition in hospitalized patients
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In this study, 17 patients with severe hypoglycemia were assessed for nutrition-
related risk using the Geriatric Nutritional Risk Index (GNRI). The results showed
that 13 of the 17 patients had nutrition-related risk. Hypoglycemia should be
noted in patients with problems on GNRI, with or without diabetes.

geriatric nutritional risk index, GNRI, hypoglycemia, nutrition-related risk

without diabetes increases the risk of hypoglycemia. Our
previous study, which focused on older adults vulnera-
ble to hypoglycemia, used the Geriatric Nutritional Risk
Index (GNRI) to assess the nutritional status of hospital-
ized older adults with diabetes and showed that the risk of
hypoglycemia was increased in malnourished cases in this
patient group.’

The GNRI helps to assess the risk of complications
(aspiration pneumonia and pressure ulcers) and mortal-
ity associated with malnutrition.® However, it is not clear
whether nutrition-related risk assessed by the GNRI is
associated with hypoglycemia in outpatients. Initially, the
GNRI was developed for use in sub-acute medical settings,
but it has been found to be suitable for a variety of settings,
including acute and outpatient.g_11 For these reasons, the
use of the GNRI is expanding. The strength of the GNRI
that it is based on serum albumin levels, current and ideal
body weight values, and is more objective and easier to
use than other nutritional assessment methods, even for
those who are not familiar with nutritional assessment.
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If an association is identified between this nutritional as-
sessment and outpatients, it could be used to screen more
patients for hypoglycemic risk, not just inpatients.

In this study, we investigated the association be-
tween severe hypoglycemia and nutrition-related risk in
outpatients.

2 | MATERIALS AND METHODS
This study investigated the nutritional status of outpa-
tients with severe hypoglycemia who presented at the
emergency department of the Soka Municipal Hospital,
a secondary care institution in Japan. This was a single-
center study in which cases were descriptively sum-
marized by retrospective observation using electronic
medical records. Outpatients aged =65 years presenting
with severe hypoglycemia between September 1, 2018,
and June 15, 2021, were eligible for this study. Patients
with missing data on height, weight, or serum albumin
levels, precluding GNRI calculations were excluded.

2.1 | Definitions of variables
Nutrition-related risk was assessed using the GNRI for-
mula and classified into four risk categories, based on pre-
vious studies®: major (GNRI of <82), moderate (GNRI in
the range of 82-92), low (GNRI in the range of 92-98), and
no (GNRI of >98) risk. The GNRI was calculated using
height, current body weight, and serum albumin levels,
based on the following formula:

Liver failure, dementia, and sepsis were determined
from medical records.

2.2 | Nutrition-related risk assessment
We assessed nutrition-related risk on the day of severe
hypoglycemia onset and examined the patients’ clinical
characteristics and trends. Data required for calculating
the GNRI were serum albumin levels obtained at the time
of severe hypoglycemia onset, height values obtained
5 years before and after severe hypoglycemia, and weight
values obtained 1 month before and after severe hypo-
glycemia onset. The value obtained closest to the date of
severe hypoglycemia onset was used. The observation pe-
riod was from the date of hypoglycemia onset to the date
of discharge from the hospital or death. The follow-up pe-
riod was 90 days from the date of hypoglycemia onset.
Next, we examined the association between past
nutrition-related risk factors and severe hypoglycemia
onset, using data from a subset of patients who presented
at the hospital within 180 days before onset of severe hy-
poglycemia. Nutrition-related risk prevalence observed
before the onset of severe hypoglycemia was compared
with that observed on the day of severe hypoglycemia oc-
currence. Although data on serum albumin levels were
available for the previous visits, and height and weight
data were rarely available. Consequently, height values
were considered constant between visits, while weight
was considered to have remained unchanged or to have
significantly decreased. The predictive value of nutri-
tional status for severe hypoglycemia occurrence was

GNRI=14.89 xserum albumin (g/dl) +41.7x current body weight (kg) /ideal body weight (kg)
=14.89 xserum albumin (g/dl) +41.7xBMI/22

If the current weight was greater than the ideal weight,
the ratio of the current weight to the ideal weight was set
to 1.

Severe hypoglycemia was defined as hypoglycemia
with impaired consciousness with a Japan Coma Scale
(JCS) of 1 digit or higher, requiring assistance from others
for consultation and treatment, and a 50% glucose injec-
tion. Data for the administration of the 50% glucose injec-
tions were extracted from a data warehouse connected to
the electronic medical record.

Severe CKD was defined as an eGFRof <30 ml/
min/1.73 m” We used the Japanese eGFR estimation for-
mula shown below

examined. The reason for assuming severe weight loss
was to eliminate the concern that if severe hypoglycemia
developed because of rapid weight loss between the pre-
vious visit and on the day of severe hypoglycemia onset,
the nutrition-related risk on the previous visit would not
be able to predict severe hypoglycemia. In the case of
weight loss, patients’ weight at the time of the previous
visit was back-calculated at a rate of 2% change in 1 week,
5% change in 1 month, 7.5% change in 3 months, and 10%
change in 6 months, based on the existing criteria for se-
vere weight loss.'? Based on the timing of hypoglycemia
onset, patients were classified into the following groups:
1 week, 1, 3, and 6 months.

eGFR (ml/min/1.73m?) =194 x Cr™1%% x Age (years) "’ (Female: x 0.739)
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2.3 | Statistical analysis

Continuous variables were reported as medians (inter-
quartile range), and categorical variables were reported as
counts and percentages. The Mann-Whitney U-test was
used to compare the GNRI values between patients with
and without diabetes mellitus. Statistical analysis was per-
formed using EZR version 1.51," an extended version of
R Commander. p values of < 0.05 were considered statisti-
cally significant.

3 | RESULTS

A total of 75 outpatients presented with hypoglycemia
that required 50% glucose injection between September
1, 2018, and June 15, 2021. Among them, 58 patients
experienced impaired consciousness. Overall, 17 pa-
tients had data on serum albumin levels, height, and
weight values that were required for the GNRI calcu-
lation; these patients were included in further analy-
sis. The variance between the date of measurement of

height and weight and the date of onset of hypoglycemia
used for the calculation of GNRI was in the interquar-
tile range of —323.0-0.0 days for height and 1.0-9.0 days
for weight. The median age was 80.0 (77.0-84.0) years.
Fourteen (82.4%) patients were male. The sample in-
cluded 4 (23.5%), 5 (29.4%), and 8 (47.1%) patients with
type 1 and type 2 diabetes, and without diabetes, respec-
tively. Severe hypoglycemia occurred even in patients
who were not receiving treatment for lower blood glu-
cose levels. The patients’ characteristics are presented in
Table 1. According to the GNRI, 6 (35.3%), 2 (11.8%), 5
(29.4%), and 4 (23.5%) patients were at major, moderate,
low, and no risk, respectively. Overall, 13 of 17 (76.5%)
patients had nutrition-related risk.

Patient's medications and causes of severe hypoglyce-
mia are shown in Table 2. The causes of hypoglycemia,
as evaluated by the attending physician, were decreased
food intake, use of hypoglycemic medicines, alcohol in-
take, sick day, use of hypoglycemia-inducing medicines
for conditions other than diabetes, and insulin autoim-
mune syndrome. Four of 5 patients at major risk were at-
tributed to decreased food intake, and one was attributed

TABLE 2 Clinical findings and medications prescribed for patients experiencing severe hypoglycemia

Insulin (Y/N)

Nutrition-related

Sulfonylurea Glinides

Case No DM Type GNRI risk class Long-acting Short-acting Premixed (Y/N) (Y/N)
1 None 57 Major N N N N N
2 None 67 Major N N N N N
3 None 67 Major N N N N N
4 None 68 Major N N N N N
5 None 72 Major N N N N N
6 Type 1 80 Major Y Y N N N
7 None 91 Moderate N N N N N
8 Type 1 (slowly 91 Moderate Y N N N Y
progressive)
9 None 92 Low N N N N N
10 Type 2 92 Low N Y Y N N
11 Type 2 94 Low N N N N Y
12 Type 2 95 Low Y N N N N
13 Type 2 95 Low Y Y N N N
14 Type 1 (slowly 100 None Y Y N N N
progressive)

15 None 101 None N N

16 Type 1 103 None Y Y N N N
17 Type 2 104 None N N Y N N

Abbreviations: DM, diabetes mellitus; GNRI, geriatric nutritional risk index; JCS, Japan coma scale.
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to insulin. In contrast, 3 of 4 patients at no risk were
using insulin, and 1 patient had insulin autoimmune
syndrome. When divided by with and without diabetes,
1 of 9 patients with diabetes had a decreased food intake,
and 5 of 8 patients without diabetes had a decreased food
intake. All patients at major risk experienced severe hy-
poglycemia due to decreased food intake.

Recurrent hypoglycemia after hospitalization occurred
in 3 (17.6%) patients at major and 1 (5.9%) patient at
low nutrition-related risk. The patients who died within
90 days of the onset of severe hypoglycemia were 3 (17.6%)
patients at major, 1 (5.9%) patient at moderate, and 1
(5.9%) patient at low nutrition-related risk. Both patients
were at nutrition-related risk (Table 3).

3.1 | GNRI, severe hypoglycemia, and
diabetes mellitus

Among 8 patients without diabetes, 1 patient had insulin
autoimmune syndrome, which may cause spontaneous
hypoglycemia; consequently, this patient was excluded

N 50f9
Clinical Case Reports —Wl LEY

from further analysis. Among patients without and with
diabetes, the median GNRI was 68 (67.0-81.5) and 95
(92.0-100.0), respectively (Figure 1).

3.2 | Predictive value of past nutritional
status for severe hypoglycemia

A total of 13 patients had data on serum albumin levels ob-
tained on the day of their previous visit, recorded within
180 days of severe hypoglycemia onset. Prevalence rates
of nutrition-related risk on the day of severe hypoglyce-
mia onset and at the time of the previous visit were 76.9%
(10/13) and 69.2% (9/13), respectively, given unchanged
weight and weight loss. Given unchanged weight, 3
(23.1%) patients were classified in a milder risk category
than the category recorded on the day of hypoglycemia
onset; meanwhile, 10 (76.9%) patients remained in the
same category. Given weight loss, 4 (30.8%) patients were
classified as at milder risk than that observed at the time
of hypoglycemia onset; meanwhile, 9 (69.2%) patients re-
mained in the same risk group (Table 4).

Blood glucose level

Other diabetes Drug-induced hypoglycemia before glucose

medicines in non-diabetes medicine JCS administration Cause of hypoglycemia

(Medicine Name/N) (Medicine Name/N) (digit-code) (mg/dl) (physician evaluated records)

N Tramadol 2 37 Decreased food intake

N Trimethoprim-sulfamethoxazole 2 68 Decreased food intake

N N 2 24 Decreased food intake

N N 1 52 Decreased food intake

N Bisoprolol 1 47 Decreased food intake

N Carvedilol 1 62 Effects of hypoglycemic medicines

N Tramadol, Pregabalin 1 67 Effects of drug-induced
hypoglycemia in non-diabetes
medicine

N N 2 19 Effects of hypoglycemic medicines

N N 1 29 unknown

Linagliptin N 3 15 Effects of hypoglycemic medicines

Linagliptin N 3 Low Effects of hypoglycemic medicines

Duraglutide Carvedilol 1 32 Effects of hypoglycemic medicines

Empagliflozin, Carvedilol 2 57 Decreased food intake,

Linagliptin Alcohol intake

Empagliflozin, Imidapril 3 34 Effects of hypoglycemic medicines

Metformin

N Tramadol 1 19 Insulin autoimmune syndrome

N N 2 54 Effects of hypoglycemic medicines

N Imidapril 1 31 Sick day
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FIGURE 1 Geriatric nutritional
risk index (GNRI) of with and without 400 = i
diabetes who developed severe
hypoglycemia
1
90 i '
‘ -
& 80
70
60 — i Mann-Whitney U test
— p<0.05
T T
Without diabetes With diabetes

TABLE 4 Nutrition-related risk class at baseline and at the time of severe hypoglycemia diagnosis

Date of previous visit

Date of severe hypoglycemia

Weight unchanged

Weight loss

Case No Nutrition-related risk class Nutrition-related risk class Nutrition-related risk class
1 Major Major Major

2 Major Major Major

3 Major Major Major

5 Major Major Moderate
6 Major Moderate Moderate
7 Moderate Low Low

9 Low Low Low

11 Low Low Low

12 Low Low Low

13 Low None None

14 None None None

16 None None None

17 None None None

4 | DISCUSSION

major risk had hypoglycemia due to decreased food in-

This study examined the association between severe
hypoglycemia and nutrition-related risk, assessed by
the GNRI, in outpatients aged =65 years. The results
showed that patients who developed severe hypoglyce-
mia often had nutrition-related risk on the day of onset.
In addition, patients without diabetes had a lower GNRI
than patients with diabetes. Finally, the differences in
nutrition-related risk scores between the day of hypogly-
cemia onset and the previous hospital visit were small,
suggesting that nutrition-related risk may predict severe
hypoglycemia.

Among patients with severe hypoglycemia, 13 of 17
(76.5%) had nutrition-related risk. Five of 6 patients with

take, and one was due to insulin. In contrast, in the no
risk patients, it was not due to decreased food intake.
Furthermore, in our previous study,7 the rate of nutrition-
related risk at admission was 49.3% (864/1754) in hospi-
talized patients with type 2 diabetes. Meanwhile, the rate
of nutrition-related risk at admission in patients who ex-
perienced hypoglycemia during hospitalization was 84.0%
(68/81), similar to the rate in this study. These findings
suggest that nutritional status as assessed by GNRI may
be associated with the occurrence of severe hypoglycemia
in outpatients.

Patients without diabetes had lower GNRI values. In
fact, medical records of most patients without diabetes
suggested malnutrition, including decreased food intake,
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as the cause of severe hypoglycemia. Leibovitz et al.® have
previously shown an association between malnutrition
assessed using the NRS-2002 and the incidence of hypo-
glycemia during hospitalization, reporting an odds ratio
of approximately 2. This association was stronger in pa-
tients without than in those with diabetes, which may
be due to the use of hypoglycemic medication, masking
the association between hypoglycemia and malnutrition
in patients with diabetes. In the present study, most dia-
betes patients received hypoglycemic medicines such as
insulin, which were the cause of severe hypoglycemia.
Simultaneously, 6 of 9 diabetes patients had nutrition-
related risk, although their risk class was milder than
that of non-diabetes patients in most cases. These find-
ings suggest that malnutrition and medications are in-
dependent risk factors for hypoglycemia, and that they
may act synergistically. Therefore, patients at nutrition-
related risk as assessed by GNRI may benefit from atten-
tion to the occurrence of severe hypoglycemia, with or
without diabetes.

The difference in nutrition-related risk prevalence
between the preceding and hypoglycemia onset visit
was approximately 8%, regardless of weight change as-
sumptions. Although the risk class varied in a few pa-
tients, past nutrition-related risk may be predictive of
severe hypoglycemia. This association warrants further
research.

The cause of hypoglycemia in malnourished individ-
uals remains unclear; however, it may be associated with
the depletion of glycogen stores.'*!* In glycogen stor-
age disease, glycogen accumulates in tissues such as the
liver and muscles due to congenital abnormalities in the
enzymes required for glycogen degradation. As a result,
glycogen is not broken down into glucose, and hypogly-
cemia may occur. People with malnutrition may develop
hypoglycemia due to the lack of glucose, resulting from
glycogen depletion.

The GNRI is easy to use and allows the assessment of
nutritional status with an objective formula, which is not
the case with other similar tools. Using the GNRI to iden-
tify nutrition-related risk factors may help screen patients
and deliver suitable interventions, including changing the
type and dose of prescribed drugs, and to educate patients
on the early symptoms of hypoglycemia and an optimum
response. More recently, oral nutritional supplements
have been shown to potentially reduce the risk of hypo-
glycemia.'® These approaches may support medical staff
across specialties.

The results of this study are the first to examine
the association between nutrition-related risk and
the occurrence of severe hypoglycemia in outpatients
using the GNRI. However, it is limited by the number
of patients included in the study. The risk ratio and

predictive power of nutrition-related risk and the oc-
currence of severe hypoglycemia need to be proven in
further clinical trials.

5 | CONCLUSION

In this study, we conducted a detailed investigation of older
adult outpatients who developed severe hypoglycemia,
and found that they had problems with their nutritional
status as assessed by GNRI, regardless of whether they
had diabetes or not. To prevent the occurrence of hypo-
glycemia in the future, we would like to identify high-risk
patients, including their nutritional status, and examine
whether interventions to improve their nutritional status
can reduce the risk of occurrence of hypoglycemia.
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