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Abstract

Aim: Several risk factors for severe hypoglycaemia (SH) are associated with insulin-
treated diabetes. This study explored potential risk factors in adults with insulin-
treated type 2 diabetes mellitus (T2DM).

Materials and Methods: In this case-control study, adults with T2DM initiating insu-
lin were identified in the IQVIA PharMetrics® Plus database. The index date was the
date of the first SH event (cases). Using incidence-density sampling, controls were
selected from those who had been exposed ‘at risk’ of SH for the same amount of
time as each case. After exact-matching on the well-established factors, previously
unreported risk factors were evaluated through conditional logistic regression.
Results: In 3153 case-control pairs, pregnancy [odds ratios (OR) = 3.20, p = .0003], alco-
hol abuse (OR = 2.43, p < .0001), short-/rapid-acting insulin (OR = 2.22/1.47, p < .0001),
cancer (OR = 1.87, p <.0001), dementia/Alzheimer’s disease (OR = 1.73, p = .0175),
peripheral vascular disease (OR = 1.59, p < .0001), antipsychotics (OR = 1.59; p = .0059),
anxiolytics (OR = 1.51, p = .0012), paralysis/hemiplegia/paraplegia (OR = 1.51,
p = .0416), hepatitis (OR = 1.50, p = .0303), congestive heart failure (OR = 1.47,
p = .0002), adrenergic-corticosteroid combinations (OR = 145, p = .0165),
B-adrenoceptor agonists (OR = 1.40, p = .0225), opioids (OR = 1.38, p < .0001), cortico-
steroids (OR = 1.35, p = .0159), cardiac arrhythmia (OR = 1.29. p = .0065), smoking
(OR = 1.28, p = .005), Charlson Comorbidity Index score 2 (OR = 1.28, p = .0026),
3 (OR = 141, p = .0016) or 24 (OR = 1.57, p = .0002), liver/gallbladder/pancreatic dis-
ease (OR = 1.26, p = .0182) and hypertension (OR = 1.19, p = .0164) were independently
associated with SH.

Conclusions: Although all people with insulin-treated diabetes are at risk of SH, these

results have identified some previously unrecognized risk factors and sub-groups of
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1 | INTRODUCTION

With progressive pancreatic B-cell failure, many people with type
2 diabetes mellitus (T2DM) will eventually require insulin, either alone
or in combination with other glucose-lowering agents.! A common
adverse side effect of insulin therapy is hypoglycaemia.? Its causes
and risk factors are well established, particularly in type 1 diabetes
(T1DM), and hypoglycaemia is an important and potentially prevent-
able cause of morbidity, mortality, substantial socio-economic costs,
diminished productivity and reduced quality of life.>* In particular,
severe hypoglycaemia (SH), characterized by incapacitating cognitive
impairment and defined by necessitating assistance for recovery,” is a
marker of high absolute risk of cardiovascular morbidity and mortality
in people with T2DM.® Fear of SH is a significant barrier to optimizing
glycaemic control in T2DM, both for patients, whose motivation to
adhere to intensive regimens is diminished, and for health care pro-
viders, who are often reluctant to initiate or intensify treatment.”® By
identifying the potential risk factors in people with insulin-treated
T2DM and introducing measures to minimize SH, it may be possible
to overcome this barrier and deliver better glycaemic control.>*

While the role of insulin and insulin secretagogues, such as the
sulphonylureas, in provoking SH is well recognized,>* the range of
potential factors that are associated with an increased risk of SH has
received less attention in adults with T2DM than in those with
T1DM.? Established risk factors in T2DM include a preceding history
of SH, older age, longer duration of diabetes, renal impairment and
chronic kidney disease (CKD), cognitive impairment, cardiovascular
disease, depression, cardiac failure and impaired awareness of
hypoglycaemia.>#1° In addition, the risk of SH is known to rise with

increasing duration of insulin treatment.!?

Karter et al. developed a
hypoglycaemia risk stratification tool in T2DM that uses six predic-
tors, namely a history of hypoglycaemia-related health care utilization,
insulin use, sulphonylurea use, emergency department use, renal dialy-
sis or CKD stage 4 or 5, and age.'® These predictors can be applied in
clinical practice to identify patients at higher risk.* However, as other
patient-related and treatment characteristics have been described
that are associated with increased risk of hypoglycaemia,*?*¢ further
real-world investigation of these and other unidentified factors is
warranted.

The present study aimed to identify factors associated with
increased risk of SH that resulted in emergency medical treatment in
insulin-treated T2DM in addition to those already established, by
using data derived from a large administrative health care claims data-
base in the USA.

insulin-treated adults with T2DM at greater risk. Scrutiny of current therapies and
comorbidities are advised as well as additional glucose monitoring and education,

when identifying and managing SH in vulnerable populations.

insulin therapy, risk factors, severe hypoglycaemia, type 2 diabetes mellitus

2 | MATERIALS AND METHODS

2.1 | Study design

A retrospective, nested, case-control study was performed within a
cohort of insulin-treated adults with T2DM from the IQVIA
PharMetrics® Plus claims database.!” PharMetrics Plus is one of
the largest databases of adjudicated medical and pharmacy claims
in the USA, covering 90% of hospitals and 80% of doctors across all
50 States.” In addition to standard fields such as inpatient and out-
patient diagnoses and procedures, retail and mail order prescription
records, PharMetrics Plus contains detailed information on phar-
macy and medical benefits, inpatient stay and provider details.
Amounts charged by providers and amounts allowed and paid by
health plans are available for all services rendered, along with dates
of service for all claims. Other data elements include demographic
variables, payer type, and start and stop dates of health-plan
enrolment.

An overview of the study design and patient selection methods is
shown in Figure 1. The study protocol was pre-registered with the
European Network of Centres for Pharmacoepidemiology and
Pharmacovigilance (ENCePP, study no. EUPAS31111) before study
execution.'® As this study used anonymized information, the require-
ment for patient informed consent was waived by the New England
Institutional Review Board (WO 1-9936-1).

2.2 | Population selection criteria

All people with at least one insulin prescription claim between 1 July
2012 and 31 December 2018 were identified within the data
source. The first insulin claim during this period was defined as the
cohort entry date. Insulin users were included in the analysis if they
had a diagnosis of T2DM and had not filled an insulin prescription
in the preceding 6 months (i.e. new starters). Claimants were also
required to be 218 years at the cohort entry date and to have at
least 6 months of continuous health plan enrolment before the
cohort entry date, with both medical and pharmacy benefits. Those
with a record indicative of diabetes other than T2DM (i.e. TIDM,
gestational, non-clinical or secondary diabetes) during the study
period were excluded. People who underwent bariatric surgery
were also excluded because of its effect on metabolic control.
Finally, to ensure good data quality, all people with a missing or

invalid year of birth and payer type, who were of unknown sex or
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region, or who were covered by an invalid medical insurer, were

excluded from analysis.

2.3 | Cases and controls identification

To identify cases and controls, adults treated with insulin were
followed from the cohort entry date until either the earliest occur-
rence of SH, or insulin treatment discontinuation, or the end of con-

tinuous health plan enrolment, or the end of the study period.

Cohort Entry Date

Ist insulin presciption between
July 1, 2012 and Dec 31, 2018

Discontinuation of insulin treatment was defined as having no insulin
prescriptions for >90 days from the end of the treatment coverage of
the previous claim.*’

During the follow-up period all claimants were assumed to be ‘at
risk’ of SH. Cases were identified by occurrence of SH while on insulin
treatment, with the date of the first SH event being the index date. To
account for any potential deviations from the prescribed treatment
schedule, patients were considered to be on insulin treatment for up to
30 days after the supply of the last insulin claim was recorded. Interna-

tional Classification of Diseases (ICD) ninth and tenth revision codes

Index Date

Case: Severe Hypoglycemia diagnosis
Control: matched time ‘at-risk’

Cohort eligibility Exclusions
« T2DM T1DM:; non-clinical,
+ Continuous secondary diabetes, . R
enrolment or ges[a[iona] diabetes; ldentlfy risk factors
* Age>18y bariatric surgery; data quality issues
= No insulin . A
. 6-month pre-index period
FIGURE 1 Overview of the study
design and patient eligibility criteria. 6-month baseline period Follow-up period ("time at risk')
T1DM, type 1 diabetes < >
TABLE 1 Univariate comparisons of
. . . Cases Controls
baseline characteristics between patients
experiencing severe hypoglycaemia while Characteristics N = 3153 N = 3153 p value
on insulin (cases) and matched controls Age®
Median (minimum, maximum) 57 (18, 84) 57 (19, 84) 7800
Sex .0083
Male 1638 (52.0) 1744 (55.3)
Time ‘at risk’ for severe hypoglycaemia (months)®
Mean + SD 11.2+13.8 11.2+ 138 NA
Median 5.6 5.6 NA
Index date <.0001
Pre-Oct 2015 794 (25.2) 1293 (41.0)
Oct 2015 and later 2359 (74.8) 1860 (59.0)
Lifestyle variables
Alcohol abuse® 138 (4.4) 35(1.1) <.0001
Smoking or history of smoking 639 (20.3) 327 (10.4) <.0001
Pregnancy status
Pregnancy 2-6 months pre index 58(1.8) 19 (0.6) <.0001
Pregnancy 1 month pre index (current) 59 (1.9) 15 (0.5) <.0001
History of severe hypoglycaemia® 196 (6.2) 196 (6.2) NA

Note: Index date was the date of the first severe hypoglycaemia event. Data are n (%). Matching variables
included: age (5-year increments), sulphonylurea use and severe hypoglycaemia episodes in the 6 months
before the index (yes/no), and renal disease in the 2-6 months and in the month before the index

(yes/no).
@Matching variables.

bControls matched to cases on time “at risk’ using incidence density sampling.
“Included claims indicative of both acute and chronic abuse.



23 | WILEY

SETTLES ET AL.

were used to identify diagnoses of SH in both inpatient and outpatient
settings, based on the algorithm proposed by Karter et al. (Table §1).2021
Controls were identified using incidence-density sampling, whereby one
control was randomly selected for each identified case from the pool of
people who had not experienced SH and who had been exposed to at
least the same amount of time ‘at risk’ as the case. Controls could

become cases if they subsequently experienced SH.
24 | Factors potentially associated with severe
hypoglycaemia

Factors that were evaluated for their association with SH in the

present study included the established predictors that were used in

the risk stratification tool by Karter et al.*®

and were available in
the PharMetrics Plus database, namely previous SH, sulphonylurea
use, renal disease (including CKD and renal failure/dialysis) and
older age, as well as other characteristics including demographics,
insurance type, lifestyle habits, comorbidities and co-medications
that have seldom been studied in previous published reports (-
Table $2).12°5 A 6-month period preceding the index date was
used to evaluate any potential association (Figure 1). For medica-
tion use, the measurement period was divided into 1-month and
2-6-month intervals preceding the index date, to evaluate the
effect of ‘current’ (1 month) versus ‘long-term’ (2-6 months) expo-
sure. Some patients with long-term exposure may also have expo-
sure within 1-month before the index date. Similarly, comorbidities

such as cognitive disorders (defined as anxiety, dementia,

TABLE 2 Univariate comparisons of

Cases Controls . o
pre-index comorbidities between
N = 3153 N = 3153 p value patients experiencing severe
Comorbidities hypoglycaemia while on insulin (cases)
Anxiety 430 (13.6) 274 (8.7) <.0001 and matched controls
Asthma 288 (9.1) 153 (4.9) <.0001
Cancer 2-6 months pre index 396 (12.6) 250 (7.9) <.0001
Cancer 1 month pre index (current) 309 (9.8) 113 (3.6) <.0001
Cardiac arrhythmia 623 (19.8) 366 (11.6) <.0001
Chronic pain/fibromyalgia 463 (14.7) 255 (8.1) <.0001
Congestive heart failure 529 (16.8) 295 (9.4) <.0001
Chronic obstructive pulmonary disease 323(10.2) 127 (4.0) <.0001
Dementia/Alzheimer's disease 105 (3.3) 44 (1.4) <.0001
Depression 548 (17.4) 360 (11.4) <.0001
Hepatitis 139 (4.4) 56 (1.8) <.0001
Hypertension 2433 (77.2) 2218 (70.4) <.0001
Liver/gallbladder/pancreatic disease 537 (17.0) 275 (8.7) <.0001
Myocardial infarction/coronary heart disease 709 (22.5) 480 (15.2) <.0001
Osteoarthritis 1104 (35.0) 872 (27.7) <.0001
Paralysis/hemiplegia/paraplegia 132 (4.2) 45 (1.4) <.0001
Peripheral vascular disease 400 (12.7) 213 (6.8) <.0001
Renal disease®” 2-6 months pre index 644 (20.4) 644 (20.4) NA
Renal disease®® 1 month pre index (current) 412 (13.1) 412 (13.1) NA
Charlson comorbidity index group <.0001
0 37(1.2) 87 (2.8)
1 757 (24.0) 1152 (36.5)
2 690 (21.9) 735 (23.3)
3 395 (12.5) 332 (10.5)
24 1274 (40.4) 847 (26.9)

Note: Index date was the date of the first severe hypoglycaemia event. Data are n (%) unless otherwise
stated. Matching variables included: age (5-year increments), sulphonylurea use and severe
hypoglycaemia episodes in the 6 months before the index (yes/no), and renal disease in the 2-6 months

and in the month before the index (yes/no).

Abbreviation: NA, not applicable.

#Matching variables.

BIncluding chronic kidney disease and renal failure/dialysis.
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TABLE 3 Univariate comparisons of
current and long-term medication use
between patients experiencing severe
hypoglycaemia while on insulin (cases)
and matched controls

Drug use

Insulin type
Rapid-acting insulin

Short-acting insulin

Non-insulin glucose-lowering medications

Third-generation B blockers

Opioids
Anxiolytics
Antipsychotics
Corticosteroids

Sympathomimetics

B-Adrenoceptor agonists

Adrenergic corticosteroid combinations

Current medication use (1 month preceding the index date)

Long-term medication use (2-6 months preceding the index date)

Insulin type
Rapid-acting insulin

Short-acting insulin

Non-insulin glucose-lowering medications

Third-generation B-blockers

Opioids
Anxiolytics
Antipsychotics
Corticosteroids

Sympathomimetics

B-Adrenoceptor agonists

Adrenergic-corticosteroid combinations

Cases Controls

N = 3153 N = 3153 p value
1188 (37.7) 840 (26.6) <.0001
162 (5.1) 72(2.3) <.0001
1711 (54.3) 1953 (61.9) <.0001
426 (13.5) 309 (9.8) <.0001
858 (27.2) 508 (16.1) <.0001
281(8.9) 143 (4.5) <.0001
207 (6.6) 67 (2.1) <.0001
310(9.8) 148 (4.7) <.0001
369 (11.7) 197 (6.3) <.0001
269 (8.5) 140 (4.4) <.0001
185(5.9) 95(3.0) <.0001
1113 (35.3) 821 (26.0) <.0001
141 (4.5) 66 (2.1) <.0001
1939 (61.5) 2131 (67.6) <.0001
435 (13.8) 325(10.3) <.0001
1246 (39.5) 898 (28.5) <.0001
396 (12.6) 237 (7.5) <.0001
237 (7.5) 88(2.8) <.0001
468 (14.8) 294 (9.3) <.0001
386 (12.2) 278 (8.8) <.0001
220 (7.0) 107 (3.4) <.0001

Note: Index date was the date of the first severe hypoglycaemia event. Data are n (%). Matching variables
included: age (5-year increments), sulphonylurea use and severe hypoglycaemia episodes in the 6 months
before the index (yes/no), and renal disease in the 2-6 months and in the month before the index

(yes/no).

depression, or schizophrenia), renal disease, cancer (any type) and
pregnancy (past or ongoing) were evaluated in the 1 month and in
the 2-6 months preceding the index date to assess the effect of

‘current’ versus ‘long-term’ events.

2.5 | Matching

To evaluate the importance of newly identified risk factors inde-
pendently from those used by Karter et al.,*° before the analyses
were made each control was exact-matched to its case on age
(5-year increments), sulphonylurea use, and SH episodes in the
6 months before index (yes/no), and renal disease in the
2-6 months and in the month before index (yes/no). A sensitivity

analysis without exact-matching on the established risk factors was

also performed to confirm the role of the established risk factors in

the prediction.

2.6 | Statistical analyses

All analyses were conducted using SAS version 9.4 (SAS Institute Inc.,
Cary, NC, USA). Univariate comparisons of patient characteristics
between matched cases and controls were carried out via
McNemar's/Stuart-Maxwell tests and paired t-test (matched samples).
Variables with p < .1 and a standardized mean difference 215% were
selected for initial inclusion into a conditional logistic regression
model used to identify associations with SH. A backward elimination
procedure was applied to keep only statistically significant (p < .05)

covariates in the model. For each variable, results are reported as odds
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Variables OR [95%CI]  P-value
Female sex H—— 1.11[0.99,1.24] 0.0787
Index year > Oct. 2015 —_— 2.13[1.87,2.42] <0.0001
CCl (vs. 0-1)
2 —————i 1.28[1.09,1.49] 0.0026
3 —_— 1.41[1.14,1.74] 0.0016
>4 — 1.57[1.24,1.98] 0.0002
Comorbid conditions (yes vs. no)
Cardiac arrythmia —_— 1.29[1.07,1.54] 0.0065
Congestive heart failure . e 1.47 [1.20,1.80] 0.0002
Dementia/Alzheimer's disease + 1.73[1.10,2.72] 0.0175
Hepatitis + 1.50[1.04,2.15] 0.0303
Hypertension —— 1.19[1.03,1.36] 0.0164
Liver/gallbladder/pancreatic disease —_—e 1.26[1.04,1.53] 0.0182
Paralysis/hemiplegia/paraplegia + 1.51[1.02,2.24] 0.0416
Peripheral vascular disease —_——— 1.59[1.27,1.97] <0.0001
Cancer during 1 month prior to index . g 1.87[1.42,2.47] <0.0001
Pregnancy status
Current pregnancyt + 3.20[1.70,6.03] 0.0003
Lifestyle variables (yes vs. no)
Alcohol abuse + 2.43[1.57,3.75] <0.0001
Smoking/history of smoking —_— 1.28[1.08,1.52] 0.0050
Long-term medication use¥ (yes vs. no)
B-adrenoreceptor agonists —_——— 0.78[0.62,0.99] 0.0444
Adrenergic combinations + 1.45[1.07,1.95] 0.0165
Current medication uset (yes vs. no)
Rapid-acting insulin —— 1.47 [1.29,1.67] <0.0001
Short-acting insulin 4 2.22[1.58,3.12] <0.0001
Non-insulin glucose-lowering medications —— 0.81[0.71,0.91] 0.0006
Opioids —_—— 1.38[1.19,1.60] <0.0001
Anti-anxiety medications e | 1.51[1.18,1.94] 0.0012
Antipsychotics 1.59[1.14,2.22] 0.0059
Corticosteroids _— 1.35[1.06,1.73] 0.0159
B-adrenoreceptor agonists . g 1.40[1.05,1.88] 0.0225
0.5 6L 2 4 8

FIGURE 2

Adjusted OR (95%Cl)

Factors associated with higher odds of severe hypoglycaemia. Results from the final conditional logistic regression model in

matched cases and controls—Final conditional logistic regression model. TCurrent is defined as 1 month preceding the index date (first severe
hypoglycaemia event); flong-term use is defined as exposure to medications in the previous 2-6 months; alcohol abuse included both acute and
chronic abuse. Matching variables included: age (5-year increments), sulphonylurea use, and severe hypoglycaemia episodes in the 6 months
before the index (yes/no), and renal disease in the 2-6 months and in the month before the index (yes/no). CCl, Charlson Comorbidity Index;

Cl, confidence interval; OR, odds ratio

ratios (ORs) and 95% confidence intervals adjusted for all the other
variables in the model. Statistical significance for risk factors was
assessed with p < .05 in the final model. Variables with clinical rele-
vance were included into the final model irrespective of their statisti-

cal significance.

3 | RESULTS
3.1 | Baseline characteristics and medication use
before hypoglycaemia

In total, 3207 eligible adults were identified as cases (Figure S1 shows
attrition of overall patients at risk who were identified as cases). Inci-
dence density and exact matching led to 3153 case-control pairs, aged
between 18 and 84 years and with mean = SD time ‘at risk’ before
the first SH event of 11.2 + 13.8 months (Table 1).

Through univariate analyses, 37 variables with a p <.1 and a
standardized mean difference 215% were selected from the initial
list of potential risk factors (Table S2, bolded variables). In addition,
sex, dementia/Alzheimer’s disease and pregnancy were retained
regardless of their apparent effect on hypoglycaemia, based on

their clinical importance to glycaemic control in T2DM. The

demographics, clinical characteristics and medication use of cases
and matched controls based on these selected variables are shown
in Tables 1-3.

3.2 | Factors associated with increased risk of
severe hypoglycaemia

The backward selection process produced a final list of 24 variables
that were retained for their association with SH in the final model.

)

However, even though not significant, the variable, ‘sex’, was
included into the final model for its clinical relevance. For exact-
matched cases and controls (N = 3153 case-control pairs), recent or
ongoing pregnancy, alcohol abuse, smoking and history of smoking,
and having a higher Charlson Comorbidity Index (CClI) score or specific
comorbidities (i.e. cardiac arrhythmia, congestive heart failure, demen-
tia/Alzheimer’s disease, hepatitis, hypertension, liver/gallbladder/pan-
creas disease, paralysis/hemiplegia/paraplegia, peripheral vascular
disease, and/or current cancer) were all significantly and indepen-
dently associated with increased odds of SH (Figure 2). Being diag-
nosed on October 1, 2015, or later, that is after the introduction of
the ICD-10 coding system, was associated with twice the odds of
experiencing SH (OR = 2.13, p < .0001) (Figure 2).
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With regard to insulin type and co-medication use, current expo-
sure to short- and rapid-acting insulin, opioids, anxiolytics, antipsy-
chotics, corticosteroids and B-adrenoceptor agonists, and the long-
term use of adrenergic-corticosteroid combinations, were all associ-
ated with increased odds of SH. Conversely, long-term use of
B-adrenoceptor agonists and current use of non-insulin glucose-
lowering medications were associated with lower odds of SH
(Figure 2). With respect to medication use, the statistical model
showed that current exposure to medications was more strongly asso-
ciated with increased risk of SH than long-term use of medication
(Figure 2).

In the sensitivity analysis where cases and controls were not
exact-matched (N = 3207 in each group), adjustment for the
established risk factors produced similar results as the matched
analysis. Furthermore, previous SH (OR: 23.63, p <.0001), age
>75 years versus 26-49 years (OR: 2.49, p <.0001), current use
of sulphonylureas (OR: 1.33, p = .0219) and current renal disease
(OR: 1.93, p = .0001), all of which are established risk factors of SH,
were significantly associated with increased odds in the present
model (Table S4).

4 | DISCUSSION

This large retrospective, nested, case-control study of over 6000
cases and controls with insulin-treated T2DM has identified several
factors that appear to be associated with an increased risk of
SH. Although SH is defined as an event that necessitates assistance
for recovery,’ the present study utilized SH events that had resulted
in emergency medical care being required, using a validated algo-
rithm.2%?* Events that were treated outside of the health care system
were therefore not included. A previous study that examined the dif-
ference between self-reported SH events and hypoglycaemia-related
emergency department and hospital utilization observed that using
the latter alone significantly underestimates the real rate of SH.?2 The
results of the present study should be interpreted within this context.
To that end, the present study identified various factors that were
associated with an increased risk of SH, in addition to the well-
recognized association with older age, sulphonylurea use, renal dis-
ease and a history of previous SH. Risk factors that were identified
included the current use of rapid-/short-acting insulins, indicators of
poor health (high comorbidity burden as measured by the CCl), cardiac
arrhythmia, congestive heart failure, dementia/Alzheimer’s disease,
hepatitis, hypertension, liver/gallbladder/pancreas disease, paralysis/
hemiplegia/paraplegia, peripheral vascular disease, and cancer and the
current use of various medications, namely, opioids, anxiolytics, anti-
psychotics, corticosteroids, B-adrenoceptor agonists, and adrenergic-
corticosteroid combinations. Lifestyle factors (alcohol abuse, smoking)
and pregnancy were also identified. Apart from a previous history of
SH, which is known to be a powerful predictor of subsequent SH, the
association between the additional identified factors (with ORs rang-
ing between 1.2 and 3.2) and SH was as strong as that reported for

factors that are well known (ORs ranging between 1.3 and 2.5).

In the present study, the current use of short-acting and rapid-
acting insulins was associated with a higher risk of SH and the odds of
SH was 2.2 times higher in people using short-acting insulin compared
with 1.5 times higher in people using rapid-acting insulin. The larger
OR for short-acting insulin compared with rapid-acting insulin pro-
vides a signal that using short-acting insulin may pose a greater risk
for SH than fast-acting insulin. While this observation is consistent
with previous studies,?® the present study was not designed to make
such a comparison. Clinical trials showed the marked increase in SH
associated with use of short-acting insulin; however, few studies using
real-world data have reported the increased risk when using short-
acting compared with rapid-acting insulin. Further research will be
needed to verify this finding, but in the meantime people treated with
these insulin analogues (rapid-acting and short-acting insulins) should
be advised to undertake careful glucose monitoring, be provided with
glucagon for the treatment of SH and may benefit from additional
education about hypoglycaemia.

Several coexisting comorbidities and current exposure to various
medications were associated with an increased risk of SH. These were
associations alone and this does not show causality. In the large end-
point trial in T2DM, ADVANCE, SH was strongly associated with
increased risks of adverse clinical outcomes that included a range of
several unexpected outcomes other than cardiovascular morbidity,
involving, for example, respiratory, digestive and skin diseases. While
these investigators considered the possibility that SH may contribute
to adverse outcomes affecting other systems, they proposed that it
was probable that hypoglycaemia represented a marker of vulnerabil-
ity to experience adverse clinical outcomes.?* Many of the disease
states identified in the present study as being associated with an
increased risk of SH, are indicative of serious illness affecting people
with T2DM. While each of the factors in the present study were inde-
pendently associated with an increased risk of hypoglycaemia, taken
collectively, they appear to indicate a subgroup of people with serious
underlying ill health, who, consequently, are more vulnerable to devel-
oping SH. For example, higher CCl scores indicate either the presence
of multiple comorbid conditions or the presence of severe com-
orbidities (such as cancer).

The present observations showed that the odds of SH occurring
in people with a CCl score 24 were nearly twice as high as those of
people with a score of O or 1 were. These findings are consistent with
those of a cross-sectional French study?® and a retrospective cohort
study in Korea in both of which CCl was reported to be independently
associated with hypoglycaemia in people with T2DM.*® In addition,
the present findings are consistent with an observational study in the
USA of more than 1 million adults with diabetes, where cardiovascular
disease and congestive cardiac failure, as well as CKD, were reported
associated with a four- to six-fold higher frequency of SH.2¢ Similarly,
drugs such as opioids, anxiolytics, antipsychotics, corticosteroids and
B-adrenoceptor agonists are frequently prescribed for people who are
very unwell, many of whom having serious physical and/or mental
conditions, many of which are associated with inadequate diet and
who may therefore be more prone to the development of SH. The

relationship between the use of these medications and an increased
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risk of SH, which was identified in the present study, does not neces-
sarily imply a direct effect of these drugs in causing or promoting SH,
as the association may be primarily with the presence of serious ill-
ness. However, the association of these medications with an
increased risk of SH may be of clinical relevance. The present data
suggest that caution should be exercised before advocating intensive
insulin treatment for people with T2DM who have serious com-
orbidities as they may be at greater risk of SH. The fact that the pre-
sent study shows a stronger association with current, as opposed to
longer-term medication use, may also be important, as treatment with
insulin is often necessary during the management of acute illness and
emphasizes the need for clinicians to be alert to the potential risk of
SH in these situations.

Unsatisfactory lifestyle behaviours, such as alcohol abuse and
smoking, were associated with an increased risk of SH. Alcohol can
suppress hepatic gluconeogenesis, and so interfere with the
counter-regulatory response to hypoglycaemia, and it diminishes
awareness of hypoglycaemia, which can increase the risk of SH.2”
Excessive alcohol consumption could therefore be a risk factor in
people with insulin-treated T2DM. The present study also
observed that people who smoke or have a history of smoking have
a 30% higher risk of SH compared with non-smokers. A similar
association has been reported in smokers with TIDM.28-%C |t has
been suggested that smoking may reduce insulin clearance in peo-
ple with T2DM, leading to hyperinsulinaemia, increased risk of
postprandial hypoglycaemia, and poorer metabolic control over-
all.3! This might explain the association shown in the present
study, which suggests that even though smoking is associated with

3135 intensive

poor glycaemic control in individuals with diabetes,
insulin treatment to improve glycaemic control may be hazardous
in some smokers. Recently, Jensen and colleagues reached similar
conclusions in a risk analysis of adult smokers with TIDM from
Europe and North America.®° While there are physiological reasons
for increased risk of SH in patients with these factors, it is also
important to note that alcohol abuse and smoking tend to be more
prevalent in people with other behavioural risk factors, including

poor diet,¢

which can be associated with poor glycaemic control.

Pregnant women with diabetes are encouraged to attain strict
glycaemic control to minimize the risk of fetal abnormalities.>” How-
ever, SH is a common clinical problem in pregnant women with diabe-
tes, particularly in TIDM.®® The present study confirms that a similar
risk exists in pregnant women with T2DM. Although the present
study cannot confirm causation, this may be a consequence of intensi-
fying insulin treatment to improve glycaemic control during
pregnancy.

Cases were identified in the present study using the algorithm
developed by Karter et al., which included ICD-9-CM and ICD-10-CM
codes depending on whether the SH was recorded before or after the
introduction of the 10th revision on 1 October 2015102021 The
observation that more SH was diagnosed after the transition to ICD-
10-CM codes is probably explained by the number of diagnostic codes
for hypoglycaemia being increased from 5 to 27 with a renewed focus

on coding in general after the transition.

The health care administrative claims database used in this study
is a large and representative source of data in the USA.Y” However,
these types of data have inherent limitations. Claims data are col-
lected for billing purposes rather than for research, and it is possible
that patients in the control group may have experienced
hypoglycaemia events that were not recorded as ‘severe’ as they did
not trigger a costed consultation with a health care provider and were
managed outside of the health care setting by relatives or others.
Medication use in this study was based on pharmacy claims; it is not
possible to confirm whether people had actually taken their medica-
tions as prescribed. Similarly, it is not possible to determine when, and
if, people used insulin after the prescription had been filled. In addi-
tion, the results of the present study are limited by the absence of
information regarding behavioural, dietary and socio-economic factors
that may be associated with SH (e.g. food insecurity, ethnicity, social
deprivation and poverty). Finally, as the study sample was composed
principally of commercially insured patients of working age, the results
are not generalizable to uninsured populations or to people with other
types of insurance. Finally, this study used a data-driven approach to
identify factors associated with increased risk of hypoglycaemia. Vari-
ables showing a strong association with SH may directly cause the
condition, or they could be correlated with other unmeasured factors
that are correlated with SH. Some risk factors for SH are recognized
to have a bidirectional relationship, such as the role of depression in
people with TIDM, and in the relationship to cognitive decline in
T2DM.374° The exact relationship between the identified risk factors
and SH is open to interpretation.

In conclusion, while all people with insulin-treated diabetes are
at risk of experiencing hypoglycaemia, the present study has rev-
ealed that people with T2DM in poor health, using certain medica-
tions and with some lifestyle behaviours are more vulnerable to
developing SH. Based on the present observations, clinicians should
take a detailed clinical history that includes documentation of
comorbid conditions occurring during the previous 6 months and
either recent or current medication usage, if they are to identify
‘high-risk’ patients. Therapeutic regimens and individualized targets
may have to be modified in the presence of factors highlighted in
the present study. People who have any of these factors may
require additional glucose monitoring, be provided with rescue
medication and, along with their relatives or caregivers, receive
detailed education about hypoglycaemia. This would include how
to take preventative measures to reduce the risk, how to recognize
the early symptoms of hypoglycaemia to permit early intervention,
how to treat non-severe hypoglycaemia and SH and how to avoid
its recurrence. Finally, health care providers should exercise caution
and balance risk when proposing intensive insulin regimens for
smokers/ex-smokers, those with heavy alcohol consumption and
pregnant women, in view of the enhanced risk of SH and ensure
that these patients receive appropriate education.
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