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Prevalence of Hypoglycemia
Among Type 2 Diabetics
Undergoing Hemodialysis in
a University Hospital

Maria Concepcion H. Gungon, MD,
Elaine C. Cunanan, MD

ABSTRACT

Background: The overall increase in the number of
people with diabetes mellitus has a major impact on
the increasing number of patients with diabetic kidney
disease (DKD). Hypoglycemia that is brought about
by altered glucose homeostasis and the hemodialysis
process in patients with DKD poses a great challenge
to clinicians in achieving blood glucose control. This
study has been undertaken to evaluate the prevalence
of hypoglycemia among diabetics undergoing hemo-
dialysis and determine the clinical factors predicting
the development of hypoglycemia.

Methods: We conducted a prospective, cross-sec-
tional study that included 75 patients with diabetes
mellitus undergoing maintenance hemodialysis at the
University of Santo Tomas Hospital, Center for Kidney
Disease. The patients’ predialysis and hourly intra-
dialytic serum glucose levels were measured until the
end of the session. Hypoglycemia was considered as
a blood glucose <70 mg/dL with/without symptoms.

Results: Elderly patients and in-hospital patients
tend to develop hypoglycemia with a p-value of
0.0028 and 0.001, respectively. Old age (p-value
0.0093), female sex (p-value 0.0224), hypertension
(p-value 0.0301), CAD (p-value 0.0058), frequency
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of hemodialysis (p-value 0.0000), no caloric intake
during the dialysis session (p-value 0.0022) and ad-
mission (p-value 0.0007) predicted hypoglycemia in
our study.

Conclusions: In conclusion, the prevalence of hypo-
glycemia among patients with type 2 diabetes mellitus
undergoing maintenance hemodialysis in our setting
is 12%. There is an increased rate of hypoglycemia
amongst the elderly as well as admitted patients. Our
results identified old age, presence of CAD, increased
frequency of hemodialysis and hospital admission as
the predictors of hypoglycemia.

Keywords: diabetes, hemodialysis, hypoglycemia,
CKD, end-stage renal disease

INTRODUCTION

The increasing prevalence of diabetes mellitus has
become a global burden and is considered to be a
major public health concern.[1] This overall increase
in the number of people with diabetes mellitus has in-
fluenced the development of diabetic kidney disease
(DKD). The leading cause of end-stage renal disease
(ESRD) is diabetes, which accounts for 50% of the
cases in the developed world.[2] Chronic kidney
disease (CKD) in itself is said to be an independent
risk factor for hypoglycemia.[3] Hypoglycemia in
patients with DKD could be explained by decreased
clearance of hypoglycemic agents and decreased
gluconeogenesis by the kidney.[4] In healthy
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individuals, both the liver via glucagon and kidney
via catecholamines contribute to the release of glu-
cose into circulation to counterregulate hypoglyce-
mia. Patients with advanced DKD on dialysis behave
differently when compared to diabetic patients with-
out kidney disease. More than 40% of patients with
advanced DKD have severe hypoglycemia.[5] It is
quite common with the said population since mod-
erate to severe CKD has reduced renal mass, and
thus, a reduced capacity for renal glucose release.
Malnourishment and muscle wasting present in this
population leads to low hepatic glycogen stores and
reduces the availability of gluconeogenic substrates.
Acidosis, likewise limits the ability of the liver to
compensate via hepatorenal reciprocity leading to
the development of hypoglycemia.[6]. These factors
may contribute to the increased risk of hypoglyce-
mia among patients with CKD and may be an inad-
vertent consequence of diabetic therapy.

At present, there are no evidence-based guide-
lines or recommendations in the Philippines about
which type of insulin or oral hypoglycemic agents
(OHA) to use or avoid depending on the severity of
CKD. Frequent glucose monitoring may be used to
adjust the dosing of insulin and medications to pre-
vent hypoglycemia and caution must be exercised
when administering therapy to patients with kidney
disease. This study has been undertaken to evaluate
the prevalence of hypoglycemia among diabetics
undergoing hemodialysis and determine the clinical
factors predicting the development of hypoglycemia.

METHODS

Study Design and Population

This study was carried out in accordance with the
Declaration of Helsinki. The University of Santo
Tomas Hospital (USTH) Institutional Review Board
(IRB-2016-06-106) approved our protocol. Informed
consent was taken from each subject prior to
study participation. We conducted a prospective,
cross-sectional study which included diabetic pa-
tients undergoing maintenance hemodialysis at
the USTH Center for Kidney Disease Unit between
October 2016 and December 2016. Maintenance
dialysis was defined as having received dialysis for
more than 60 days. The total number of patients in
the hemodialysis unit was 122 and approximate-

ly two-third of the patients (75/122) had diabetes

mellitus. The patients excluded from the study are as
follows: patients suffering from starvation (those with
severe deficiency in caloric energy intake needed
to maintain life), decompensated liver disease (may
take the form of any of esophageal variceal bleed,
ascites, spontaneous bacterial peritonitis, hepatic
encephalopathy, hepatorenal syndrome and hepa-
tocellular carcinoma disease), sepsis and decom-
pensated congestive heart failure (characterized by
the development of dyspnea associated with rapid
accumulation of fluid within the lung’s interstitial and
alveolar spaces). The computed sample size was
73, based on sample size calculation for a multiple
regression study (given the desired probability level
of 0.05, anticipated effect size of 0.20 and desired
statistical power level of 0.15). We were able to
extract data regarding demographic variables and
drug prescriptions for the period between October
2016 and December 2016. The patients did not
change their dietary habits or drug treatment before
or during the days of the study.

Predialysis and hourly intradialytic capillary
blood glucose (CBG) levels were measured using
a calibrated glucose meter, Freestyle Optium Neo.
The Free Style Optium Neo system met the require-
ments for accuracy in user performance festing and
trained operator system accuracy evaluation of ISO
15197:2013. The device can measure results rang-
ing from 20-500 mg/dL. Hypoglycemia was consid-
ered based on the definition given by the American
Diabetes Association.[7]

Hypoglycemia alert value (level 1): <70 mg/
dL (3.9 mmol/L), sufficiently low for treatment with
fast-acting carbohydrate and dose adjustment of glu-
cose-lowering therapy

Clinically significant hypoglycemia (level
2): <54 mg/dL (3.0 mmol/L), sufficiently low to in-
dicate serious, clinically important hypoglycemia
Severe hypoglycemia (level 3): No specific
glucose threshold; hypoglycemia associated with
severe cognitive impairment requiring external assis-
tance for recovery.

Neuroglycopenic manifestations of hypoglycemia
include behavioral changes, confusion, psychomo-
tor abnormalities and at lower levels, seizure and
coma. Neurogenic symptoms include palpitations,
tremor, anxiety, sweating, hunger and paresthesias.
Signs of hypoglycemia include pallor, diaphoresis,
tachycardia and raised systolic blood pressure.
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[5] The researchers followed the patients closely
to identify any signs or symptoms of hypoglycemia
during the dialysis session. If the patient developed
symptoms and signs of hypoglycemia and/or CBG
reached <70 mg/dL, additional CBG monitoring for
every 15 minutes was facilitated until normalization
of glucose was achieved. Patients with hypoglyce-
mia were medicated with 50 mL of 50% glucose
solution intravenously.

Statistical Analysis

All data were processed using the SPSS Statistical
Package version 23.0 2015 (SPSS Inc., Chicago,
IL). Data were presented as frequency (percentage)
and mean and standard deviation at baseline char-
acteristics. Chi-square test and T4est were computed
to compare the demographics and medical profiles
of those patients with and without hypoglycemia. The
predictors of hypoglycemia were identified based
on calculation of regression analysis. A significant
decrease in mean CBG in different time periods was
calculated using Repeated Measures Analysis of
Variance (RM-ANOVA) with posthoc Scheffe's test
to determine significant groups. A p-value of <0.05
was considered statistically significant in this study.

RESULTS

A total of 75 patients were included in the study, 9
of whom developed hypoglycemia during the data
collection. All the patients who had hypoglycemic
values were asymptomatic. The results of patients’
demographic and clinical parameters were listed
in Table 1. The participants’ age ranged from 41
to 86 years old, a majority of which were elder-
ly, with a computed mean age of 69.50 years old.
More than half (54.67%) of the participants were
females. Baseline comorbidities were hypertension
and coronary artery disease comprising of 89% and
32% of the participants, respectively. A majority of
the patients (52%) were not on any oral hypogly-
cemic agent or insulin. Of the 75 patients, 22 pa-
tients (29.3%) were on monotherapy with dipepti-
dyl-peptidase-4 inhibitors (DPP4 inhibitors). Most of
the patients included in the study were diagnosed
with diabetes for more than 10 years (12.93 =
9.31) and were already on maintenance hemodi-

alysis for more than 2 years (2.51 + 2.49). Based

Table 1. Baseline characteristic and demographics of the
diabetic patients undergoing maintenance hemodialysis at

USTH-CKD
Variables S:l;|e7c5ts
Age (years, X + SD)e 69.50 £ 9.73
Gender (F %)°
Female 41 (54.67)
Male 34 (45.33)
BMI (kg/m? (X + SDJ° 22.75 = 10.53
Hypertension (F %)°
Positive 67 (89.33)
Negative 8 (10.67)
CAD (F %)®
Positive 24 (32.00)
Negative 51 (68.00)
Duration of CKD (years, X + SD) ¢ 2.51 £2.49
Duration of diabetes (years, X = SD)° 12.93 £ 9.31
DM medications (F %)®
DPP-4 inhibitors 22 (29.33)
Insulin 6 (8.00)
Both 8 (10.67)
None 39 (52.00)
Frequency of hemodialysis 2.75+0.54
(HD/week, X = SD)°
Blood pressure (nmHg, X + SD)e
Systole 135 £10.71
Diastole 82.83 + 8.32
Diet (F %
Ate 75 (100)
Did not eat 0
Admission (F, %)®
Admitted 5 (6.67)
Outpatient 70 (93.33)

a. X+SD values means mean (X) and standard deviation (SD)

b. F means frequency, % means percentage.

on the patients’ computed body mass index (Asia-
Pacific task force obese classification), 9.33% were
underweight, 49.33% were normal, 17.33% were
overweight and 24% were categorized as obese.
A comparison of the general characteristics, clin-
ical parameters and hypoglycemic medications be-
tween hypoglycemic and non-hypoglycemic patients
were shown in Table 2. Patients were divided into
two groups, those with hypoglycemia and without
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Table 2. General characteristics, clinical parameters and hypoglycemic medications of diabetic patients undergoing mainte-

nance hemodialysis at USTH-CKD with and without hypoglycemia

With Hypoglycemia Without Hypoglycemia©
Variables P-value®
9 (12%) 66 (88%)
Age (years) 75.0£7.92 64.0£11.53 0.0028
Gender
Female 6 (66.67) 35 (53.03) 0.44]1
Male 3 (33.33) 31 (46.97)
BMI (kg/m?) 22.24+6.27 23.26+4.26 0.6422
Hypertension
Positive 8 (88.89) 59 (89.39) 0.963
Negative 1 (11.11) 7 (10.61)
CAD
Positive 3 (33.33) 21 (31.82) 0.927
Negative 6 (66.67) 45 (68.18)
Duration of CKD (years) 2.33+2.56 2.68x2.41 0.7017
Duration of diabetes (years) 14.25+9.99 11.60+8.63 0.4656
DM Medications
DPP4 inhibitors 2 (22.22) 20 (30.30) 0.955
Insulin 1(11.11) 5(7.58)
Both 1(11.11) 7 (10.61)
None 5 (55.56) 34 (51.52)
Frequency of hemodialysis (per week) 2.67+0.50 2.82+0.58 0.4211
Blood Pressure (mmHg)
Systole 133.33+10.00 136.67+11.41 0.3766
Diastole 84.44+7.26 81.21+9.37 0.2513
Diet
Ate 9 (100) 66 (100) 1
Did not eat 0 (0) 0 (0)
Admission
Inpatient 3 (33.33) 3 (33.33)
Outpatient 6 (66.67) 6 (66.67) 0.001

a. Data are expressed as mean = standard deviation
b. Significant difference if P value is <0.05

hypoglycemia. Older patients tend to develop and
experience hypoglycemia with a p-value of 0.0028.
Hospitalized patients were found to have a higher ten-
dency to develop hypoglycemia, reaching statistical
significance with a p-value of 0.001. Three patients
(4%) taking oral hypoglycemic agents and/or inject-
ing insulin developed hypoglycemia during the ob-
servational period. Five patients (6.67%) developed
hypoglycemia even without OHA/insulin injection.
The use of insulin as well as OHA did not reach statis-
tical difference to cause hypoglycemia compared to
patients with no maintenance medication.

Predictors of hypoglycemia were identified based
on calculation of regression analysis as demonstrated
in Table 3. Older age (p-value 0.0093), female sex
(p-value 0.0224), hypertension (p-value 0.0301),
CAD (p-value 0.0058), frequency of hemodialysis
(p-value 0.0000), no food intake during the dialy-
sis session (p-value 0.0022) and admission (p-value
0.0007) predicted hypoglycemia in our study.

As noted in Table 4, there was an observation
of downward trend in the mean predialysis CBG in
comparison to the mean intradialysis CBG with a

p-value of 0.0000.
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Table 3. Predictors of hypoglycemia among diabetics undergoing maintenance hemodialysis at USTH-CKD

Variables Coefficients Standard Error t-Stat P-value®
Age -0.0087 0.0032 2.6767 0.0093
Sex 0.1768 0.0757 2.3360 0.0224
BMI kg/m? 0.0267 0.0157 1.7049 0.0927
Hypertension 0.3123 0.1409 2.2167 0.0301
CAD 0.2724 0.0955 2.8531 0.0058
Duration of CKD 0.0076 0.0222 0.3413 0.7340
Duration of Diabetes -0.0007 0.0054 -0.1219 0.9033
Frequency of HD 0.3454 0.0602 5.7380 0.0000
Diet 0.8909 0.2804 3.1775 0.0022
Admitted/Outpatient 0.5091 0.1440 3.5342 0.0007

a. Significant difference if P value is <0.05

Table 4. Mean CBG and percentage drop of CBG in different time period among diabetic patients undergoing maintenance

hemodialysis at USTH-CKD

Pre-HD 1st Hour 2nd Hour 3rd Hour 4th Hour P-value®
Mean 151.28 131.95 117.89 117.89 112.04 0.0000
Overal +SDe +81.76 +59.71 +33.46 +33.46 +25.05 :
% decrease 15.00% 13.00% -1.00% 5.00%

a. Data are expressed as mean = standard deviation
b. Significant difference if P value is <0.05

DISCUSSION

The study shows that in our clinical setting, up to
12% of patients with type 2 diabetes mellitus devel-
oped hypoglycemia during hemodialysis. One ret-
rospective cohort study revealed a higher incidence
of hypoglycemia seen in patients with CKD versus
without CKD. Among patients with diabetes, the
rate was 10.72 versus 5.33 per 100 patient-months
for CKD versus no CKD, respectively.[3] A higher
prevalence rate of 52.9% was observed in another
study done by Chiao-Yin Sun, et al.[8] The study par-
ticipants were stable diabetic hemodialysis patients
taking pharmacological therapy. Hypoglycemia
was likewise set at <70 mg/dL for those two studies.
CKD is a significant risk factor for the development
of hypoglycemia with or without the presence of di-
abetes, but the risk is greatest in patients with CKD
and diabetes.[3] Conditions that are associated with
an increased risk of hypoglycemia in these patients
include decreased gluconeogenesis in the remnant
kidneys, deranged metabolic pathways, inadequate
nutrition, decreased insulin clearance, glucose loss
to the dialysate and diffusion of glucose into erythro-
cytes during hemodialysis.[9]

It is also interesting to mention that a majority of
the study participants (52%) were not on oral hypo-
glycemic agents or insulin injections. Recently, it has
been reported that in up to one-third of diabetic di-
alysis patients with the presumptive diagnosis of dia-
betic nephropathy, glycemic control improves spon-
taneously with progression of CKD, loss of residual
renal function and initiation of dialysis therapy. This
led to normalization of hemoglobin Alc (<6%) and
glucose levels causing discontinuation of insulin or
other diabetic medications.[10] Whether the 52%
of participants belonged to this so-called “burnt-out
diabetes” group needs to be further studied.

Another finding in our study revealed that neither
OHA nor insulin posed a greater risk of causing hy-
poglycemia. Out of the 36 patients who were on
either insulin or oral therapy, only 4 patients devel-
oped hypoglycemia and surprisingly a higher num-
ber of patients (5 patients) developed hypoglycemia
even without medication. This is likewise evident in
the previous study by Chiao-Yin Sun, et al., where-
in they found out that OHA, specifically meglitinide
and glipizide are as safe as insulin in diabetic he-
modialysis patients.[8] The most favored antidi-
abetic agent in our sefting was a DPP-4 inhibitor.
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Twenty-two percent of the participants were on mon-
otherapy with DPP-4 inhibitor and 10.7% were on
combination therapy of DPP-4 inhibitor with basal
insulin. In a meta-analysis done by Nakamura, et
al., wherein they evaluated the therapeutic effects of
DPP-4 inhibitors in hemodialysis patients, no patient
showed severe side effects such as hypoglycemia
and liver dysfunction. They concluded that these ad-
verse events resulting from DPP-4 inhibitor treatments
do not occur at a higher incidence than in hemodi-
alysis patients.[11]

Another finding in our study revealed that admit-
ted patients tend to develop hypoglycemia with a
pvalue of 0.001. This is concurrent with the study
done by Kagansky, et al.[12] Hospitalized patients
70 years or older showed that hypoglycemia is a
common complication in this age group with an in-
cidence of 5.2%. Another study done by Finfer, et
al.,[13] reported a higher prevalence of hypoglyce-
mia, in this subset of patients, since they were more
sick and on more aggressive glycemic regimen. It
goes to show that the prevalence and incidence of
hypoglycemia varies depending upon the in-patient
setting in question and the glycemic threshold used
in each study. Admitted patients were at a higher
risk for hypoglycemia due to the following reasons:
infensive glucose management, more stringent cap-
illary glucose monitoring, presence of hypoglyce-
mia associated autonomic failure, organ failure and
polypharmacy.[14] A reduced caloric intake may
also play a role in patients who are ill since most
of them suffer with anorexia, nausea and vomiting,
making them more prone to develop hypoglycemia.

Predictors of hypoglycemia identified in our study
based on the calculation of regression analysis in-
clude old age (p-value 0.0093), female sex (p-value
0.0224), comorbidities like hypertension (p-value
0.0301), CAD (pvalue 0.0058), increased fre-
quency of hemodialysis (p-value 0.0000), no food
intake during the dialysis session (p-value 0.0022)
and admission (p-value 0.0007). Age appears to
affect counterregulatory responses to hypoglycemia
aside from the presence of several predisposing
factors such as comorbidity, polypharmacy, chron-
ic renal and hepatic impairment and poor nutrition.
Advanced age has been a contributing factor to hy-
poglycemia as also depicted in the ACCORD and
ADVANCE ftrials. Female sex likewise predicted hy-
poglycemia in our study. Davis, et al.,[15] also re-
ported the same finding of hypoglycemia in women.

It may be related to sex differences in counterregu-
latory responses to hypoglycemia seen in the female
sex. Frequency of hemodialysis predicted the devel-
opment of hypoglycemia during the conduct of our
study. The more frequent the dialysis session of the
patient, the higher rate of hypoglycemia noted. The
nutritional status of the patients were assessed by
computing the body mass index, which did not show
statistical significance in predicting hypoglycemia,
however, our study revealed that no caloric intake
during hemodialysis predicted hypoglycemia. It was
studied by Kalantar-Zadeh, et Al.,[16] that intradi-
alytic meals or oral nutritional supplements to dial-
ysis patients and other nutritional interventions are
the most promising intervention to increase serum
albumin and improve longevity and quality of life
in this patient population. However, nephrologists
from the USA refused intradialytic meals due post-
prandial hypotension, risk of choking or aspiration,
infection control and hygiene issues, including fear
of fecal-oral transmission of diseases such as hepati-
tis A, staff burden and distraction, and diabetes and
phosphorus control. A larger study might be done
to assess the applicability of intradialytic meals in
preventing hypoglycemia in this population.

During the conduct of the study, we observed
that there is a decrease in mean CBG from pre-he-
modialysis to the intradialytic CBG with a p-value
of 0.0000. The decreasing trend was likewise ob-
served in a study done by Burmeister, et al., indicat-
ing a higher risk of intradialytic hypoglycemia for di-
abetic individuals who presumably present the best
glycemic control, especially when in glucose-free
dialysis. Further, they found out a significant decre-
ment of blood glucose levels during dialysis which
they believed to be due to loss of glucose in the
dialysate.[17]

The presence of hypoglycemia unawareness in
our study population was also observed with no par-
ticipants manifesting neuroglycopenic or neurogenic
symptoms despite having CBG values <54 mg/dL.
In a study done by Gerich, et al., it was reported to
be found in 25% of patients with diabetes.[18]

There are some inherent limitations to consider in
our study. The total study population is small and
the duration of the study is limited to three months.
A larger sample size and a longer timeframe (for
example, one year) would have identified the true
prevalence of hypoglycemia in our setting. We also
used glucose meter as a tool to determine hypogly-
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cemia. A variety of factors can affect glucose meter
results, including operator technique, environmental
exposure, and patient factors, such as medication,
oxygen therapy, anemia, hypotension and other dis-
ease states. Ideally, the use of plasma to confirm hy-
poglycemia should have been facilitated.

CONCLUSIONS

The prevalence of hypoglycemia in diabetic patients
undergoing maintenance hemodialysis at USTH
CKD is 12%. Admitted patients and elderly individu-
als reported association in the development of hypo-
glycemia; hence, more frequent point-of-care testing
is advised to these patients during their scheduled
dialysis sessions. Our study identified old age, pres-
ence of CAD, increased frequency of hemodialysis,
no caloric food intake and hospital admission as
predictors of hypoglycemia.
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