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Abstract
Background Glycemic management in patients with type 2 diabetes mellitus (T2DM) and CKD can become
complicated. One factor that may affect treatment is hypoglycemia. Hypoglycemia risk may be increased by
several biologic processes in CKD. The objective of this study was to determine the frequency, severity, and risk
factors for hypoglycemia in patients with T2DM and CKD.

Methods The design was a prospective observational study. A continuous glucose monitor (CGM) was worn
by 80 patients for up to 14 days; glucose was measured every 15 minutes. Patients with T2DM and eGFR
,45 ml/min were enrolled. Patients on dialysis were excluded. The primary outcome was to assess the
frequency of hypoglycemic episodes during the study period. Hypoglycemic episodes were defined as
a reduced glucose concentration (,70 mg/dl) lasting $15 minutes. Secondary outcomes included assessment
of severity of hypoglycemia and risk factors for its development.

Results A total of 80 patients wore the CGM for a mean of 12.762.9 days. Hypoglycemic events occurred in 61 of
80 patients (76%) with glucose,70 mg/dl, and 49 of 80 (61%) with glucose,60 mg/dl. Prolonged hypoglycemic
events (CGM glucose ,54 mg/dl for $120 consecutive minutes) occurred in 31 patients (39%) with 118 total
events. Most hypoglycemic episodes occurred overnight, from 1:00 AM to 9:00 AM. By multivariate analysis, lower
hemoglobin A1c and treatment with insulin were two modifiable risk factors for hypoglycemic events.

Conclusions Patients with T2DM and CKD have frequent periods of hypoglycemia that can be severe and
prolonged. Hemoglobin A1c does not portray the full scope of hypoglycemia risk. This study illustrates the need
for careful monitoring of glucose levels in patients with T2DM and CKD.
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Introduction
The prevalence of type 2 diabetes mellitus (DM) in the
United States is rising due to the obesity epidemic and
aging of the population. Worldwide, up to 20% of
adults .65 years of age are affected by type 2 DM
(1). As many as 40% of patients with type 2 DM will
develop kidney disease, and type 2 DM is the leading
cause of ESKD (2). Achieving glycemic control with
glucose-lowering agents improves outcomes in patients
with type 2 DM, but treatment can be complicated by
hypoglycemia.

Hypoglycemia is a cause of morbidity and mortality
in patients with type 2 DM. When severe, it can cause
confusion, seizures, coma, and death. Asymptomatic
episodes have been associated with myocardial ische-
mia (3). In the Action to Control Cardiovascular Risk in
Diabetes (ACCORD) trial, hypoglycemia was more
common among patients with type 2 DM who were
randomized to intensive treatment. The higher rate of
mortality in these patients compared with those

treated with a conventional glucose target has sug-
gested that hypoglycemia may have contributed to
inferior outcomes (4). Hypoglycemia also increases
anxiety among patients and may hinder the ability to
achieve optimal chronic glucose control (5).
In CKD, various factors might increase risk for hy-

poglycemia. With normal function, renal tubular glu-
cose absorption and gluconeogenesis contribute
approximately 20% of total body glucose (6). In kidney
disease, renal glucose production is impaired. An im-
portant component of this is decreased renal gluco-
neogenesis. Other metabolic pathways are disrupted
including diminished clearance of insulin and certain
other medications (7). The circulating t1/2 of insulin
increases with decreasing kidney function due to de-
creased excretion and metabolism. Taken together, the
net effect may lead to an increased risk for hypogly-
cemia. In the ACCORD trial, the risk for hypoglycemia
requiring medical assistance was strongly associated
with elevated serum creatinine (8). Recently, Ahmad
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et al. (9) reported the frequent occurrence of hypoglycemia in
a population with type 2 DM and CKD. For entry, patients
in Ahmad et al.’s study were required to be treated with
sulfonylurea or insulin, creating a cohort with enriched risk
for hypoglycemia. We believed that it was important to
study a broader CKD population including those treated
with other diabetic medications or no diabetic medications.
In this way, we could more fully understand the risk of
hypoglycemia in CKD.
In this study, we sought to expand on the hypoglycemic

analysis by Ahmad et al. by studying a more general pop-
ulation of patients with type 2 DM and CKD. In particular,
we did not require patients to be on medications known to
cause hypoglycemia. To accomplish this, we studied a set of
80 patients with type 2 DM that we had previously tested
with continuous glucose monitoring (CGM) for assessment
of glycated hemoglobin accuracy in CKD (10). The purpose
of this study was to determine the frequency and severity
of hypoglycemia among this same broad population of
patients with type 2 DM and CKD and to identify risk
factors associated with the development of hypoglycemia.

Materials and Methods
Patients
We enrolled patients from the academic nephrology prac-

tice of the Donald and Barbara Zucker School of Medicine
at Hofstra/Northwell. The practice comprises 19 nephrol-
ogists and is located in western Nassau County, New York.
Patients were identified as potentially eligible based on
a weekly prescreen of the following week’s office patients
who matched key entry criteria. All informed consent pro-
cesses were carried out by the principal investigator with
a witness present, in person, in the office. Our group pre-
viously reported on this group of 80 patients with type 2 DM
andCKD to assess glycated hemoglobin accuracy in CKD (10).
Patients were eligible for study if they were .18 years

of age, had type 2 DM, and had CKD with eGFR ,45
ml/min (stages 3b–5 CKD) (calculated using the CKD–

Epidemiology Collaboration equation). Exclusion criteria
included a diagnosis of type 1 DM, ESKD (current dialysis
treatment), hemoglobinopathies, red cell transfusions in the
prior 12 weeks, hemoglobin ,9 g/dl documented within
the previous 3 months, daily acetaminophen use, steroid
treatment within 3months, any newmedication for diabetes
in the previous 2 months or any dose change in diabetes
medications of .50%, and current pregnancy. Treatment
with erythropoiesis-stimulating agents was permitted but
the dose and frequency of administration had to be stable for
2 months.

Study Design
The initial data set was collected on day 1 of study after

provision of consent. The CGM used was the Abbott Free-
style Libre Pro (Abbott Laboratories, Lake Bluff, IL). The
device was configured to blind the patient to all glucose
results. Glucose wasmeasured every 15minutes throughout
the day and the results were stored in the device’s mem-
ory, providing up to 1344 measurements over 14 days. The
device was placed on the patient’s upper arm according to
the manufacturer’s instructions. No specific education on
diet or medications (beyond what the patient had already

received) was provided. While wearing the CGM, no di-
abetic medication could be changed unless absolutely nec-
essary, in which case the patient would be withdrawn from
study. After 14 days, patients returned to the office to have
the device removed and the data downloaded. At this point,
blood sampling was performed, including fasting blood
glucose, hemoglobin A1c (HbA1c), serum creatinine, and
additional clinical information was collected. If the device
was dislodged or became inoperable, then closeout visit
procedures were followed.

Statistical Analyses
Hypoglycemic events were defined as a reduced glucose

concentration lasting at least 15 minutes, detected by two
consecutive CGM measurements. Three different glucose
concentrations were used for detecting hypoglycemia. The
first definition was a glucose concentration of ,70 mg/dl,
which is often used in clinical practice. A second—and the
primary—definition was a concentration of ,60 mg/dl.
This level was chosen because CGM systems tend to be
less accurate at lower glucose concentrations. Fokkert et al.
(11) compared the FreeStyle Libre CGM to laboratory test-
ing for 715 glucose measurements. They found the CGM
was related to the laboratory glucose by the linear equation
CGM glucose51.073blood glucose23.48. From this equa-
tion it can be seen that a CGM measurement ,60 mg/dl is
a reliable determinant of true hypoglycemia with expected
blood glucose of ,70 mg/dl. The third definition of hypo-
glycemia was the International Consensus on Use of Con-
tinuous Glucose Monitoring definition of a prolonged
hypoglycemic event, which is CGMglucose levels,54mg/dl
for $120 consecutive minutes (12).
The percentage of patients with hypoglycemic events and

mean number of hypoglycemic events per patient were
calculated and reported. The mean percentage of time with
hypoglycemia was calculated as the time with reduced
glucose divided by the time of all CGMmeasurements mul-
tiplied by 100 per patient.
Predictors of risk were studied with the outcome being

number of hypoglycemic episodes, defined as glucose
,60 mg/dl for at least 15 minutes adjusted for time in
the study. A Poisson regression model was used to assess
the relationship of risk variables to this outcome. Because
the number of hypoglycemic episodes was total time of
follow-up in minutes, the logarithm of time was taken as an
offset term in the model. Ten patients’ medication history
were not included in the risk prediction analysis due to
incomplete data (medication data was available, but there
were reasons to believe that it might not be complete).
Variables with a P value ,0.05 by univariate analysis were
taken as candidates in the multivariate analysis. The final
multivariate model was selected using backward selection.
The rate ratio was calculated as the exponential of estimated
coefficients. A two-tailed P value ,0.05 was taken as evi-
dence of statistical significance in all analyses. We conduc-
ted all analyses using SAS version 9.4 (SAS Institute Inc.,
Cary, NC).

Results
A total of 80 patients were enrolled andwore the CGM for

a mean of 12.762.9 days, with 80% completing the full 14
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days. All patients were included in the analysis. Patient
characteristics are displayed in Table 1. Although all
patients had type 2 DM, the cause of kidney disease was
believed to be DM in only 63 of 80 patients. The patients
were representative of CKD with diabetes except for skew-
ing toward more of a male and non-Hispanic population.
Hypoglycemic events (at least 15 minutes, two consecu-

tive measurements) were found to be a frequent occurrence.
Of the 80 patients, 61 (76%) had at least one episode of
glucose ,70 mg/dl, and 49 of 80 (61%) had at least one
episode with glucose ,60 mg/dl. The International Con-
sensus on Use of Continuous Glucose Monitoring definition

of a prolonged hypoglycemic event is CGM glucose levels
,54 mg/dl for $120 consecutive minutes. We found this to
occur in 31 patients (39%; Figure 1A), with 118 such events.
The mean number of hypoglycemic events per patient was
7.569.0 when defined as glucose ,70 mg/dl, and 7.366.9
when defined as glucose ,60 mg/dl (Figure 1B). The mean
percentage of time with glucose ,70 mg/dl was 8%610%
and with glucose ,60 mg/dl it was 7%68% (Figure 1C).
Related to hypoglycemia are questions relating to hyper-
glycemia and glucose variability. The percentage time that
patients had glucose .180 mg/dl was 26.1%. Glucose var-
iability was evaluated for the study population. The mean
coefficient of variation was 33.069.3. The range of coeffi-
cient of variation was 17.0–58.9.
An examination of the time of day of hypoglycemic events

is presented in Figure 2. From 10:00 AM and throughout the
day, the number of episodes was relatively low. This was
particularly true in the traditional after dinner hours. Start-
ing at approximately 23:00 PM, the number of episodes
started to increase with a sharp increase in the early morn-
ing hours. From 1:00 to 9:00 AM, the rate of hypoglycemic
events was more than threefold higher than during the
daytime hours.
An analysis of the relationship between patient character-

istics and the risk of hypoglycemic episodes (defined as
glucose,60 mg/dl for at least 15 minutes adjusted for time
in the study) was performed. In the univariate analysis,
there were multiple predictors of hypoglycemia (Table 2).
The multivariate analysis (Table 3) was more discriminat-
ing, but still resulted in ten independent predictors. In-
creased age and serum creatinine were associated with
increased hypoglycemic risk. Conversely, increased body
mass index, years of kidney disease, fasting blood glucose,
hemoglobin and HbA1c were associated with lower risk.
Patients without a history of stroke had a lower risk than
those with stroke. Regarding medications, patients who
were not currently treated with insulin had a 44% lower
risk of hypoglycemia than those on insulin (P50.0001).

Discussion
We found that hypoglycemia occurs frequently and is

often severe among patients with CKD and type 2 DM. The
greatest number of events occurred overnight from mid-
night until the early morning hours. Prolonged, severe
hypoglycemic events as defined by the International Con-
sensus on Use of Continuous Glucose Monitoring (12)
occurred in .38% of patients in 14 days of monitoring.
Importantly, both lower HbA1c and use of any insulin
treatment were associated with increased hypoglycemia risk.
Hypoglycemia is a cause of morbidity and mortality in

patients with type 2 DM. In the ACCORD trial, hypogly-
cemia was more common among patients with type 2 DM
who were randomized to intensive treatment. The higher
rate of mortality in these patients compared with those
treated with a conventional glucose target has suggested
that hypoglycemia may have contributed to inferior out-
comes (4). Hypoglycemia also increases anxiety among
patients and may hinder the ability to achieve optimal
chronic glucose control, as well as increasing the risk of
mortality (13,14).

Table 1. Patient baseline characteristics

Characteristics Value

Total enrolled 80
Age (yr), mean (SD) 71.3610.9
Sex
Male 61 (76%)
Female 19 (24%)

Race
White 53 (66%)
Asian 11 (14%)
Black 10 (13%)
Unknown/not reported 4 (5%)
American Indian/Alaska Native 1 (1%)
More than one race/multiracial 1 (1%)

Ethnicity
Non-Hispanic 77 (96%)
Hispanic 2 (3%)
Unknown/not reported 1 (1%)

Cause of CKD
DM type 2 63 (79%)
Other 17 (21%)

Medical history
CHF 20 (25%)
CAD 26 (33%)
Hypertension 77 (96%)
Stroke 17 (21%)
History of malignancy 6 (8%)

eGFR, n (%)
0 to #15 ml/min 15 (19%)
.15 to #30 ml/min 34 (43%)
.30 to #45 ml/min 31 (39%)

Years of known kidney disease 6.867.4
Body mass index, n (%)
#25 kg/m2 14 (18%)
.25 to #30 kg/m2 33 (41%)
.30 to #35 kg/m2 21 (26%)
.35 kg/m2 12 (15%)

Fasting glucose (mg/dl) 160.2659.4
HbA1c (%) 7.261.5
Serum fructosamine, mmol/L 304.1657.3
Medications
Insulin
Insulin, short acting only 10 (13%)
Insulin, long acting only 14 (18%)
Insulin, short and long acting 18 (23%)
Sulfonylureas 22 (28%)
Insulin and sulfonylureas 8 (10%)
Other oral hypoglycemic agents other

than SU and GLP
27 (34%)

GLP-1 receptor agonists 10 (13%)

Adapted from Presswala et al. (10). DM, diabetes mellitus; CHF,
congestive heart failure; CAD, coronary artery disease; HbA1c,
hemoglobin A1c; SU, sulfonylureas; GLP, glucagon-like
peptide-1 receptor agonists; GLP-1, glucagon-like peptide 1.
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Recently, Ahmad et al. (9) reported the frequent occur-
rence of hypoglycemia in a population with type 2 DM and
CKD. For entry, patients were required to be treated with
sulfonylurea or insulin, creating a cohort with enriched risk

for hypoglycemia. In this study, we extend these findings to
indicate that hypoglycemia, including prolonged and severe
events, is common among the more general population of
patients with CKD. We note with particular concern the
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Figure 1. | Hypoglycemia in CKD and type 2 diabetes. (A) With a mean of 12.762.9 days of wearing the continuous glucose monitor (CGM)
device, with measurements every 15 minutes, this figure displays the percentage of patients experiencing at least one hypoglycemic episode of
$15 minutes. The first column has hypoglycemia defined as glucose ,70 mg/dl; the second is glucose ,60 mg/dl; and the third is the
percentage of patients experiencing a severe, prolonged event. (B) This figure displays the total number of hypoglycemic episodes of at least
15 minutes per patient. The first set of two vertical bars represent the number of episodes over the entire mean 12.762.9 days wearing the CGM
device for glucose ,70 mg/dl (black) and 60 mg/dl (white). The second set of vertical bars represents the mean number of hypoglycemic
episodes per day per patient. (C) This figure displays the total percentage time per patient in which the patient was hypoglycemic over the course
of study, for glucose ,70 mg/dl and ,60 mg/dl.
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frequency of protracted episodes. Guidelines on the use of
CGM including definition of prolonged episodes were de-
veloped by an international panel of physicians, researchers,
and individuals with diabetes who are expert in CGM
technologies convened by the Advanced Technologies and
Treatments forDiabetesCongress. Their InternationalConsensus

on Use of Continuous Glucose Monitoring defined pro-
longed hypoglycemia with CGM as an event when levels
are,54 mg/dl (3.0 mmol/L) for 120 consecutive minutes or
more (12). We found this to occur in 38% of patients, with
118 total events in 31 patients. This occurred in only 14 days
of monitoring, suggesting the substantial clinical relevance.
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Figure 2. | Most hypoglycemia occurred in the early morning hours.Number of hypoglycemic events (y axis; glucose,60mg/dl for at least 15
minutes) by time of day (x axis). It can be seen that the greatest incidence of hypoglycemic episodes occurred in the early morning hours.

Table 2. Predictors of number of hypoglycemic events: univariate analysis

Univariate Variable Comparison Estimated Coefficient
(SEM)

Unadjusted Rate Ratio
(95% CI)

P
Value

Age per 1 yr 0.01 (0.002) 1.01 (1.007 to 1.013) 0.0001
Sex Female versus male 0.46 (0.03) 1.581 (1.481 to 1.688) 0.0001
Race Asian versus white 20.27 (0.05) 0.762 (0.687 to 0.846) 0.0001

Black versus white 0.22 (0.04) 1.241 (1.14 to 1.35) 0.0001
Ethnicity Hispanic versus not

Hispanic
222.19 (79.0) Extremely small 0.99

Bodymass index per one unit (kg/m2) 20.04 (0.003) 0.963 (0.957 to 0.969) 0.0001
Years of kidney diseases (per yr) 20.09 (0.004) 0.917 (0.909 to 0.925) 0.0001
Fasting blood glucose (per mg/dl) 20.01 (0.0003) 0.989 (0.988 to 0.99) 0.0001
Serum creatinine (per mg/dl) 0.07 (0.008) 1.075 (1.058 to 1.092) 0.0001
Serum albumin (per g/L) 0.006 (0.001) 1.006 (1.005 to 1.008) 0.0001
eGFR (per ml/min) 20.008 (0.001) 0.993 (0.99 to 0.995) 0.0001
Hemoglobin (per g/dl) 20.22 (0.006) 0.805 (0.796 to 0.815) 0.0001
HbA1c (per 1%) 20.38 (0.01) 0.687 (0.669 to 0.706) 0.0001
Serum fructosamine, mmol/L 20.004 (0.003) 0.996 (0.995 to 0.997) 0.0001
Average blood glucose (per 1 mg/dl) 20.02 (0.006) 0.977 (0.975 to 0.978) 0.0001
CAD Yes versus no 0.21 (0.03) 1.231 (1.154 to 1.312) 0.0001
CHF Yes versus no 0.44 (0.03) 1.552 (1.455 to 1.655) 0.0001
Hypertension Yes versus no 0.88 (0.12) 2.409 (1.912 to 3.039) 0.0001
Stroke history Yes versus no 0.16 (0.04) 1.177 (1.096 to 1.264) 0.0001
History of malignancy Yes versus no 0.43 (0.05) 1.531 (1.386 to 1.692) 0.0001
Medications
Sulfonylureas Yes versus no 0.15 (0.03) 1.157 (1.082 to 1.237) 0.0001
Any insulin Yes versus no 0.67 (0.04) 1.949 (1.821 to 2.087) 0.0001
Insulin with SU Yes versus no 1.18 (0.04) 3.267 (3.048 to 3.508) 0.0001
Oral other than SU Yes versus no 20.06 (0.03) 0.945 (0.887 to 1.008) 0.08

Outcome variable: number of.15 min events with glucose,60 mg/dl; n580. HbA1c, hemoglobin A1c; CAD, coronary artery disease;
CHF, congestive heart failure; SU, sulfonylureas.
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We found in multivariate analysis that ten different pa-
tient variables were independently associated positively or
negatively with the number of hypoglycemic episodes.
Some are inherent characteristics such as age, body mass
index, years of kidney disease, serum creatinine, and history
of stroke. We found the expected increase in hypoglycemia
with insulin treatment. Surprisingly, sulfonylurea treatment
was a predictor in univariate analysis, but was not inde-
pendently associated with hypoglycemia risk in the multi-
variate analysis. An important concern is raised by the
finding that an increase of 1% in HbA1c was associated
with a 26% reduction in hypoglycemia risk. Although
HbA1c is not always a fully accurate measure of glucose
control, this still suggests that an eased vigilance as to
glucose management goals might be warranted among
patients with type 2 DM and CKD stages 3b–5. Our group
previously reported on this same group of 80 patients with
respect to assessment of glycated hemoglobin accuracy in
CKD (10). We found the test to be highly accurate in these
patients.
Our study does have potential limitations. The sample of

80 patients was predominately male and non-Hispanic. This
is due to the characteristics of the single-center practice
Northwell at Great Neck, New York and the population
our center serves. Racial and sex parity would have benefited
the study. It would also have been meaningful to have more
robust data of a diary of self-reported symptoms during the
14 day period. A particular strength of the study was that it
was not limited to patients a priori at increased risk of hy-
poglycemia, but rather was representative of a more general
population of patients with type 2 DM and CKD.
In conclusion, we have found that hypoglycemia is com-

mon among patients with type 2 DM and CKD. Events were
often severe and were prolonged in 38% of patients. Clini-
cians should monitor and be vigilant for the occurrence of
hypoglycemia in CKD. Decisions as to HbA1c targets in
these patients shouldweigh hypoglycemia risk, and a higher
level may often be justified. Further research should be
performed in larger cohorts to more completely define
the problem of hypoglycemia in this patient population.
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