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Clinical Outcomes in Patients
With Isolated or Combined
Diabetic Ketoacidosis and
Hyperosmolar Hyperglycemic
State: A Retrospective,
Hospital-Based Cohort Study

Diabetes Care 2020;43:349-357 | https://doi.org/10.2337/dc19-1168

OBJECTIVE

Many patients with hyperglycemic crises present with combined features of
diabetic ketoacidosis (DKA) and hyperosmolar hyperglycemic state (HHS). The
implications of concomitant acidosis and hyperosmolality are not well known. We
investigated hospital outcomes in patients with isolated or combined hyper-
glycemic crises.

RESEARCH DESIGN AND METHODS

We analyzed admissions data listing DKA or HHS at two academic hospitals. We
determined 1) the frequency distributions of HHS, DKA, and combined DKA-HHS
(DKA criteria plus elevated effective osmolality); 2) the relationship of markers of
severity of illness and clinical comorbidities with 30-day all-cause mortality; and 3)
the relationship of hospital complications associated with insulin therapy (hypo-
glycemia and hypokalemia) with mortality.

RESULTS

There were 1,211 patients who had a first admission with confirmed hypergly-
cemic crises criteria, 465 (38%) who had isolated DKA, 421 (35%) who had isolated
HHS, and 325 (27%) who had combined features of DKA-HHS. After adjustment for
age, sex, BMI, race, and Charlson Comorbidity Index score, subjects with combined
DKA-HHS had higher in-hospital mortality compared with subjects with isolated
hyperglycemic crises (adjusted odds ratio [aOR] 2.7; 95% Cl 1.4, 4.9; P = 0.0019). In
all groups, hypoglycemia (<40 mg/dL) during treatment was associated with a 4.8-
fold increase in mortality (aOR 4.8; 95% Cl 1.4, 16.8). Hypokalemia <3.5 mEq/L was
frequent (55%). Severe hypokalemia (<2.5 mEq/L) was associated with increased
inpatient mortality (aOR 4.9; 95% Cl 1.3, 18.8; P = 0.02).

CONCLUSIONS

Combined DKA-HHS is associated with higher mortality compared with isolated
DKA or HHS. Severe hypokalemia and severe hypoglycemia are associated with
higher hospital mortality in patients with hyperglycemic crises.
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Hyperglycemic crises are severe, acute,
metabolic complications of diabetes that
include the hyperosmolar hyperglyce-
mic state (HHS) and diabetic ketoacidosis
(DKA). A large proportion of studies in-
vestigating these hyperglycemic compli-
cations have focused on DKA, the most
common hyperglycemic crisis. HHS, a
syndrome characterized by severe hy-
perglycemia, hyperosmolality, and dehy-
dration in the absence of ketoacidosis, is
associated with a higher mortality com-
pared with DKA (1).

Eventhough DKA mortality is <2%, the
number of DKA-related hospitalizations
across all age-groups continues to in-
crease in the U.S. and the U.K (2,3).
According to the Centers for Disease
Control and Prevention, hospitalizations
for DKA in the U.S. increased by 6.3% per
year between 2000 and 2014 (2). In the
U.K, the incidence of hospitalizations for
DKA in patients with type 1 diabetes rose
by ~4% every year between 1998 and
2013 (3). Most reported cases of HHS are
in older patients, but recent reports
suggest an increase in the incidence of
HHS cases in children and young adults
(4). The overall proportion of patients
presenting with HHS, however, is not well
defined. Given the limited data available
regarding the frequency, clinical charac-
teristics, and prognosis of patients pre-
senting with combined features of DKA
and HHS, there is no accepted definition
to characterize this population. Some
small studies have reported that up to
30% of patients with DKA have combined
features of HHS and DKA (5,6). However,
the hospital outcomes of patients
with combined DKA-HHS are not well
known (1).

Recommendations for the manage-
ment of hyperglycemic crises are similar
for patients with DKA and HHS (1,7).
Since the mortality rate in patients with
HHS is considered much higher than in
patients with DKA (5,8), it would be
helpful to identify the clinical character-
istics of patients with different subtypes
of isolated hyperglycemic crises and in
subjects presenting with combined DKA-
HHS. This will provide estimates on rates
of complications associated with severity
of disease and help identify factors as-
sociated with worse outcomes.

Based on our clinical experience, we
hypothesized that patients with com-
bined features of HHS and DKA have
worse outcomes compared with patients

with isolated HHS or DKA alone. To test
our hypothesis, we used individual-level
data obtained from the Clinical Data
Warehouse at Emory University and con-
ducted three separate analyses: 1)
we determined the frequency distri-
butions of HHS, DKA, and combined
DKA-HHS; 2) we examined predictors
of all-cause hospital mortality and clin-
ical outcomes; and 3) we examined the
relationship of early hospital complica-
tions commonly related to insulin ther-
apy (hypoglycemia and hypokalemia)
with all-cause hospital mortality.

RESEARCH DESIGN AND METHODS

Data Source

We conducted an observational study
analyzing individual-level admission and
hospitalization data of patients admit-
ted with an index admission for hy-
perglycemic crises at Emory Hospitals
(Emory University Hospital and Emory
University Hospital Midtown) between
1 June 2005 and 1 June 2015. Data
were obtained through the Clinical
Data Warehouse infrastructure pro-
gram. We first identified patient en-
counters according to ICD-9 codes for
DKA and HHS. In addition, we included
patients with admission blood glucose
(BG) levels >600 mg/dL(33.3 mmol/L)
and hyperosmolality. We then con-
firmed the diagnosis according to ad-
mission laboratory values with the
presence of metabolic acidosis and/
or hyperosmolality (we used estima-
tions of osmolality as commonly used
in clinical practice) (9). Patients with a
diagnosis of DKA or HHS but without
laboratory results on admission con-
sistent with our case definition were
excluded. Subsequent encounters were
also excluded.

Hyperosmolality was defined as an
effective plasma osmolality =300
mOsm/kg. Case definition of hypergly-
cemic crises on admission was:

1. HHS: ICD-9 code for HHS + effec-
tive osmolality [2(Na) + glucose/18)]
=300 mOsm/kg, + bicarbonate >18
mEq/L, or plasma glucose level >600
mg/dL (33.3 mmol/L) + plasma ef-
fective osmolality =300 mOsm/kg +
bicarbonate >18 mEq/L;

2. DKA: ICD-9 code for DKA with con-
firmed bicarbonate =18 meEg/L on
admission;
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3. Combined DKA-HHS: ICD-9 code for
DKA with confirmed bicarbonate =18
mEqg/L on presentation + effective
osmolality =300 mOsm/kg.

Data were extracted for each patient
during the index hospitalization, includ-
ing demographics and anthropometrics
(age, BMI, sex, race), admission and in-
patient laboratory values (hemoglobin
A;, plasma glucose, pH, ketones, total
serum osmolality [2(Na) + glucose/18 +
blood urea nitrogen/2], effective serum
osmolality [2(Na) + glucose/18)], anion
gap, serum sodium, serum creatinine,
estimated glomerular filtration rate,
and lactic acid. To extract data on co-
morbidities and hospital complications,
we used ICD-9 codes to include cardiac
complications, deep vein thrombosis/
venous thromboembolism (DVT/VTE),
cerebral edema, and rhabdomyolysis.
Acute kidney injury (AKIl) was defined
asa 0.5 mg/dLincrease in creatinine level
among subjects admitted with creati-
nine <5 mg/dL. Data on length of hos-
pital stay and all-cause in-hospital
mortality were obtained. Fatal events
were defined as deaths occurring within
30 days of admission. To limit poten-
tial misclassification, we excluded pa-
tients labeled on admission as DKA or
HHS who did not meet admission cri-
teria. The Emory University Institu-
tional Review Board approved the
study protocol.

Statistical Analysis

Descriptive statistics were used to de-
termine the proportion of hyperglycemic
crises (DKA, HHS, and combined DKA-
HHS) and clinical characteristics of hos-
pitalized adult patients with diabetes. A
total of 1,907 patients with 2,950 epi-
sodes of hyperglycemic crises were iden-
tified. Of them, 1,211 subjects had a first
event with confirmed admission criteria.
We compared demographic and clinical
outcome measures between subtypes
of hyperglycemic crises. On the basis
of the normality of the data, continuous
variables were compared using ANOVA
or Kruskal-Wallis test for three-group
comparisons. Categorical data were
compared using Xz or the Fisher exact
test. Multivariate regression analysis was
performed to assess the influence of
demographic and clinical characteristics
on hospital outcomes. The main out-
come of interest was hospital mortality.
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Additional outcomes included hypogly-
cemia (<70 mg/dL), severe hypoglyce-
mia (<40 mg/dL), hypokalemia (<3.5
mEq/L), severe hypokalemia (<2.5
mEqg/L), and length of stay according
to DKA, HHS, and DKA-HHS categories.
Metabolic parameters (BG, anion gap,
bicarbonate, effective osmolality) were
evaluated according to quartiles. Models
evaluating the role of metabolic param-
eters on clinical outcomes were adjusted
for demographic variables. Metabolic
parameters that are correlated or de-
termined by each other (e.g., anion gap
and bicarbonate or effective osmolality
and glucose) were not included simul-
taneously in the adjusted models. We
also explored the association of higher
osmolality levels with complications.
Receiver operating characteristic curves
were used to relate admission-effective
osmolality cut points and age and the rate

of hospital outcomes. The area under the
curve, or C statistic, was used as a mea-
sure of the predictive accuracy. All
comparisons were two-sided, with sta-
tistical significance defined as P < 0.05.
The log-rank test was used to test the
difference among the Kaplan-Meier sur-
vival curves. Cox proportional hazards
regression analysis adjusted for age, sex,
and BMI was used to compare rates
of patient in-hospital 30-day survival
among hyperglycemic crises categories
groups. Interaction terms were dropped
from the final models due to nonsignif-
icant P values. Results are expressed as
the hazard ratio (HR) with 95% CI. All
analyses were performed using SAS 9.4
software (SAS Institute, Cary, NC).

RESULTS

Among 1,211 patients with confirmed
criteria for DKA and HHS, 465 (38%) had

Table 1—Clinical characteristics according to subtypes of hyperglycemic crises
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isolated DKA, 421 (35%) had isolated
HHS, and 325 (27%) had combined fea-
tures of DKA-HHS. Compared with iso-
lated DKA and combined DKA-HHS
patients, patients with isolated HHS
were older and more likely to be African
American (83%) and to have a higher
BMI (28.9 kg/m?) (Table 1). Despite no
differences in admission HbA;. among
groups, the patients with combined DKA-
HHS had higher admission BG (828 =
296 mg/dL, 46.0 = 16.4 mmol/L) com-
pared with patients with isolated HHS
(797 *+ 287 mg/dL, 44.3 = 15.9 mmol/L)
and DKA (490 *= 197 mg/dL, 27.2 =
10.9 mmol/L) (P < 0.001). Patients iden-
tified by ICD-9 code for HHS had an
average BG of 790 + 288 mg/dL (25th
percentile: 578; 75th percentile: 1,000
mg/dL) that was not significantly differ-
ent compared with the average of pa-
tients identified by admission glucose

DKA HHS Combined DKA-HHS

(n = 465) (n = 421) (n = 325) P value
Age, years 43 * 17 57 £ 4 49 = 18 <0.001
Female sex, n (%) 245 (53) 211 (50) 169 (52) 0.74
BMI, kg/m? 273 £ 75 289 * 83 26.5 * 6.7 <0.001
African American race, n (%) 312 (67) 349 (83) 256 (79) <0.001
HbA;:., % 11.7 = 29 12.1 = 2.8 116 = 2.7 0.12
Admit BG, mg/dL 490 *= 197 797 £ 287 828 £ 296 <0.001
Bicarbonate, mEq/L 12.2 = 3.7 23.7 = 3.9 11.8 = 45 <0.001
Anion gap 20.1 £ 54 143 += 4.8 254 £ 6.9 <0.001
pH 7.23 £ 0.2 7.35 £ 0.1 7.17 £ 0.2 <0.001
Effective osmolality, mOsm/kg 288.1 £ 8.3 316 + 18.9 316 * 15 <0.001
Total osmolality, mOsm/kg 311.1 = 16.0 352.8 = 29.6 355.3 = 27.6 <0.001
Sodium, mg/dL 130.5 = 5.7 136.1 = 10.0 1348 £ 7.5 <0.001
Potassium, mEq/L 49 = 1.1 48 = 1.1 55+ 1.2 <0.001
Potassium minimum on day 2, mEq/L 3.6 £ 0.6 3.6 £ 0.5 3.4 £ 05 <0.001
B-Hydroxybutyrate, mmol/L 5.8 + 2.6 22 +22 6.0 =+ 29 <0.001
Heart failure, n (%) 37 (8) 46 (11) 25 (8) 0.20
Stroke, n (%) 1(0.2) 7 (1.7) 2 (0.6) 0.05
Acute myocardial infarction, n (%) 10 (2) 15 (4) 10 (3) 0.45
DVT, n (%) 10 (2) 4 (1) 10 (3) 0.09
Hypokalemia <3.5 mEq/L within 48 h, n (%) 252 (54) 208 (51) 196 (62) 0.01
Severe hypokalemia <2.5 mEq/L within 48 h, n (%) 16 (3) 9 (2) 9 (3) 0.56
Hypoglycemia <70 mg/dL, n (%) 74 (16) 52 (12) 49 (15) 0.30
Hypoglycemia <40 mg/dL, n (%) 7 (2) 9 (2) 8 (2) 0.63
Cerebral edema, n (%) 4 (0.9) 1(0.2) 2 (0.6) 0.50
AKI?, n (%) 34 (7) 32 (8) 18 (6) 0.50
Vasopressor use, n (%) 42 (9) 29 (7) 43 (13) 0.01
Rhabdomyolysis, n (%) 4 (0.9) 14 (3.3) 4(1.2) 0.02
Length of stay, days 3.3 (2.1, 6.2) 3.8 (2.4,7.5) 3.8 (2.4, 6.2) 0.02
In-hospital death, n (%) 14 (3) 20 (5) 27 (8) 0.003

Data are presented as mean = SD or median (interquartile range) unless otherwise indicated. P values represent results of ANOVA or Kruskal-Wallis
tests for continuous variables or the x? or Fisher test for categorical variables. *AKl is defined as a 0.5 mg/dL increase in the creatinine level among

subjects admitted with creatinine <5 mg/dL.
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levels (no ICD-9 code) with a mean BG
883 *+ 262 (25th percentile: 676; 75th
percentile: 1,056 mg/dL) (P = 0.074).

Predictors of Mortality

After adjustment for age, sex, and BMI,
patients with combined DKA-HHS had
higher hospital mortality compared
with those with isolated DKA or HHS.
Patients presenting with a combination
of DKA and HHS had the highest mor-
tality (8%) compared with patients with
isolated HHS (5%) or DKA (3%) (P =
0.003) (Figs 1 and 2). The HRs for
DKA-HHS were 2.7 (95% Cl 1.4, 5.3)
vs. isolated HHS and 1.8 (95% CI 0.9,
3.6) vs. isolated DKA. After adjusting for
hyperglycemic crises, sex, BMI, and race,
mortality was associated with increasing
age (adjusted OR [aOR] 1.05; 95% C1 1.03,
1.07; P < 0.0001) and Charlson Comor-
bidity Index (aOR 1.47; 95% Cl 1.29, 1.69;

P < 0.0001). Admission plasma glucose
level was not associated with mortality
(P = 0.44). In contrast, a lower bicarbon-
ate level on admission was associated
with increased mortality after adjusting
for covariates (P = 0.04) (Supplementary
Table 1).

Effective and total osmolality were
highly correlated (r = 0.9, P < 0.001).
Effective osmolality values of 300, 320,
and 350 mOsm/kg corresponded to a
total osmolality of 328, 362, and 394
mOsm/kg, respectively. Both effective
and total osmolality were associated
with DVT/VTE (effective osmolality: OR
1.02 [95% CI 1, 1.04], P = 0.03; total
osmolality: OR 1.01 [1, 1.02], P = 0.01)
and rhabdomyolysis (effective osmolal-
ity: OR1.03[1.01, 1.04], P < 0.0001; total
osmolality: OR 1.02 [1.01, 1.03], P =
0.0002). Both effective and total osmo-
lality were associated with increased

Mortality in patients with hyperglycemic crises

Hypokalemia (<2.5 mmol/L)-
Crude ORA

Adjusted-

Hypoglycemia (<3.89 mmol/L)-
Crude ORA

Adjusted-

Hypoglycemia (<2.22 mmol/L)-
Adjusted

Crude OR

Acute kidney injury-

Crude ORf

Adjusted

Combined DKA/HHSH

Crude ORA
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L

0.25

<

0.5

e it A L E R R N R R R NN

Lower Mortality

Higher Mortality
OR

Figure 1—0dds of mortality according hospital complications and hyperglycemic crises. AKI
defined as an elevation of creatinine of 0.5 mg/dL from admission; hypoglycemia, <40 mg/dL;
hypokalemia, <2.5 mEq/L; mortality, death occurring during admission. Model adjusted for age,
sex, BMI, race, and Charlson Comorbidity Index.
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mortality (OR 1.02 [1.01, 1.03] and
1.01 [1.01, 1.02], both P < 0.01), but
the association was not significant after
adjusting for age, sex, BMI, race, and
Charlson Comorbidity Index (P = 0.97
and P = 0.49, respectively). Effective
osmolality >320 mOsm/kg had good
specificity (82%) but poor sensitivity
(31%) to discriminate fatalities (C statistic
0.57). A combination of age (>50 years)
and effective osmolality (=300 mOsm/
kg) increased the predictive accuracy
(sensitivity to 82% and specificity to
52%; C statistic 0.70) to discriminate
case fatalities (Supplementary Fig. 2).
Patients with combined DKA-HHS had
higher odds of DVT/VTE compared with
those with isolated crises; however, the
association did not reach statistical sig-
nificance (aOR 2.07; 95% Cl 0.85, 5.03).
Sepsis was associated with increased
mortality (crude OR 2.94 [1.39, 6.23],
P = 0.0049); however, the association
did not reach statistical significance in
the adjusted model (aOR 2.03 [0.88,
4.67], P = 0.09).

Hospital Complications

The development of AKI, hypokalemia,
and hypoglycemia during the hospital
stay was associated with poor hospital
outcome. AKI was associated with a 5.5-
fold increased mortality in adjusted and
unadjusted analysis (aOR 5.56; 95% ClI
2.69, 11.50) (Table 2); however, it was
not different according to hyperglycemic
crises subtypes. Patients with combined
DKA-HHS had the highest potassium lev-
els on admission and the lowest potas-
sium concentration during the first 48 h
after admission (P < 0.01 for both).
Within 48 h of admission, potassium
levels declined on average from 4.9 =
1.1t03.6 = 0.6 mEq/L,4.8 + 1.1t03.5 +
0.5 mEq/L, and 5.5 = 1.2 to 3.4 = 0.5
mEqg/L among patients with DKA alone,
HHS alone, and combined DKA-HHS, re-
spectively. Patients with DKA-HHS had
the highest rate of hypokalemia within
48 h of admission (62%). Severe hypo-
kalemia (=2.5 mEq/L) occurred in 75 pa-
tients (6.3%) and was associated with
increased mortality (OR 3.17; 95% CI
1.49, 6.76). The association between hy-
pokalemia (within 48 h, n = 34) and
mortality remained significant after ad-
justing for hyperglycemic crises catego-
ries, demographic variables, and metabolic
parameters on admission (aOR 4.90; 95%
Cl11.27,18.84; P = 0.02) (Table 2). Similarly,
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Figure 2—Adjusted survival analysis comparing the probability of 30-day inpatient mortality
according to hyperglycemic crisis category. Higher mortality risk was observed for those with
combined DKA-HHS vs. isolated HHS (HR 2.7; 95% Cl 1.4, 5.3), DKA-HHS vs. isolated DKA (HR 1.8;

95% Cl 0.9, 3.6); log-rank test P = 0.003.

the development of hypoglycemia <40
mg/dL (2.22 mmol/L) within 48 h of
admission was associated with a 4.8-
fold increase in mortality after adjust-
ing for demographic variables and
hyperglycemic crises categories (aOR
4.81; 95% Cl 1.38, 16.83). Concomitant
hypokalemia (<3.5 mEq/L) and hypoglyce-
mia (<70 mg/dL) occurred in 102 patients
(8%). No episodes of severe hypokalemia
with severe hypoglycemia were recorded.
No difference in mortality was observed
when comparing the later study period
(after year 2010) vs. the earlier period
(OR 1.082; 95% Cl 0.571, 2.049).

CONCLUSIONS

Our study is, to our knowledge, the
largest study aiming to determine the

distribution and hospital outcomes of
individuals presenting with isolated
DKA and HHS or with combined DKA-
HHS based on confirmed diagnosis of
hyperglycemic crises on admission. We
found that one in four patients have
combined features of DKA and HHS
and that this phenotype is associated
with an approximately twofold increase
in mortality compared with isolated
hyperglycemic crises. We also observed
that the development of hypoglycemia
and hypokalemia, two common com-
plications related to insulin therapy, is
associated with increased mortality
independently of hyperglycemic crisis
category.

Current diagnostic criteria of hyper-
glycemic crises recommended by the

American Diabetes Association (ADA)
and international guidelines include 1)
HHS: plasma glucose >600 mg/dL
(33.3 mmol/L), plasma effective os-
molality >320 mOsm/kg, and an absence
of significant ketoacidosis; and 2)
DKA: plasma glucose >250 mg/dL
(13.9 mmol/L), arterial pH <7.3, serum
bicarbonate <18 mEg/L, positive urine
or serum ketones, and anion gap >10,
with or without altered cognitive status
(9-12). Commentaries and small obser-
vational studies have suggested that
these conditions coexist frequently,
but the characteristics and clinical course
of patients with combined DKA-HHS re-
main epidemiologically poorly character-
ized. Management strategies are also not
clear for individuals with HHS or com-
bined DKA-HHS. The Joint British Diabe-
tes Societies Guideline, for example,
recommend starting insulin at the time
of initial fluid resuscitation only if there is
ketonemia along with hyperosmolality.
The HHS guideline also suggests that in-
sulin should be avoided until the glucose
concentration stops dropping (12). How-
ever, this is not clearly delineated in the
ADA guidelines.

No systematic analysis has been con-
ducted in a large cohort of patients
presenting with different subtypes of
hyperglycemic crises; however, small
case series have suggested that patients
with HHS have worse outcomes com-
pared with patients with isolated DKA,
but data adjusting for covariates and
severity of disease or evaluating the
overlap of DKA and HHS have not
been rigorously reported. Our results
provide estimates that highlight the im-
portance of identifying patients with
concomitant DKA and HHS, a distinctive
high-risk category. Our results also

Table 2—Mortality according to acute metabolic complications among patients presenting with hyperglycemic crises

OR

aOR?®

aOR® aOR®

Hypokalemia
Potassium =2.5 mEq/L
Potassium < 2.5 mEq/L

Hypoglycemia

1.00 (Reference)
2.05 (0.61, 6.92)*

1.00 (Reference)
3.8 (1.04, 13.92)*

1.00 (Reference)
4.64(1.24,17.35)t

1.00 (Reference)
4.90(1.27,18.84)t

BG =40 mg/dL

BG <40 mg/dL
AKI

No AKI

AKI

1.00 (Reference)
3.96(1.31,11.96)*

1.00 (Reference)
5.11 (2.72, 9.61)%

1.00 (Reference)
4.45(1.36,14.58)t

1.00 (Reference)
5.19(2.58,10.45)%

1.0 (Reference)
4.73(1.38,16.27)t

1.00 (Reference)
5.30 (2.6, 10.82)%

1.00 (Reference)
4.81(1.38,16.83)*

1.00 (Reference)
5.56 (2.69, 11.5)%

“Model adjusted for age, sex, BMI, and race. ®Model adjusted for age, sex, BMI, race, and Charlson Comorbidity Index. “Model adjusted for age, sex, BMI,
race, Charlson Comorbidity Index, and hyperglycemic crisis category (isolated DKA, isolated HHS, or combined DKA-HHS). TP < 0.05; P < 0.001;

*P = NS.
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indicate that among subjects presenting
with hyperglycemic crises, acombination
of HHS with DKA was associated with the
highest mortality (8%) compared with
isolated crises (5% for isolated HHS and
3% for isolated DKA).

On the basis of mostly small retro-
spective case series, the estimated mor-
tality is close to 20% among patients
presenting with HHS (8). This likely re-
flects the use of higher osmolality cutoffs
or the use of severe cognitive status
impairment as criteria to identify pa-
tients with HHS in older cohorts. Osmo-
lality criteria are derived from case series
of HHS described in the 1970s when
interest increased about the role of
hyperosmolality in the acute cognitive
changes associated with severe hyper-
glycemia (13-16). Furthermore, the cut-
off of BG >600 mg/dL for the diagnosis
of HHS was based on the observation
that these levels were usually accompa-
nied by total serum osmolality >350
mOsm/kg according to the experi-
ence of the investigators describing
the initial case series (13). Before
2001, total serum osmolality was com-
monly used (>330 mOsm/kg); how-
ever, it was later changed to “effective
osmolality” >320 mOsm/kg because it
correlates with severe cognitive status
changes (6). This calculation excludes
urea (an ineffective osmole, as it is
permeable and freely flows into cells)
(5,6). Nevertheless, effective and total
osmolality are highly correlated and
have a similar association with outcome
(both were associated similarly with
DVT/VTE, rhabdomyolysis, and mortal-
ity). One of the limited number of pro-
spective studies including patients with
HHS was conducted at our institution
and used a total osmolality cutoff of
320 mOsm/L (5). With this criterion,
74% of patients were categorized as
having impaired cognitive status, and
23% were categorized as comatose. Mor-
tality was reported in 4% of patients (5).
Studies using higher cutoffs not surpris-
ingly have shown very high mortality
rates up to 20% (8). In this study, we
used an effective osmolality cutoff of
300 mOsm/L (normal osmolality values
range from 275 to 295 mOsm/kg), which
is abnormal and correlates to a total
osmolality of ~328 mOsm/L. We think
it may not be appropriate to wait for very
high osmolality cutoffs to label patients
as having hyperosmolality to intervene

with a standardized protocol. Using an
effective osmolality of >300 mOsm/kg
helps classify patients with DKA as a
higher-risk population when concomi-
tant hyperosmolality is present. The Joint
British Diabetes Societies for Inpatient
Care recommend reducing the osmolal-
ity by 3-8 mOsm/kg/h in patients with
HHS, while ADA recommends early in-
sulin therapy targeting a higher BG value
(compared with DKA) and close moni-
toring of cognitive status. These discrep-
ancies based on limited data clearly
suggest a need for a joint effort to
find the best management strategies
for patients with HHS with and without
DKA.

In addition, low bicarbonate concen-
tration was independently associated
with increased mortality, while admis-
sion glucose was not. This highlights the
importance of acidosis as a predictive
mortality factor in patients with hyper-
glycemic crises and the known role of
fluid resuscitation and insulin therapy
protocols to target acidosis as a main
goal of management, rather than reduc-
tion of BG levels alone.

Approximately 95% of patients admit-
ted with hyperglycemic crises present
with high-normal or elevated serum
potassium levels (9,17,18), despite hav-
ing a total body potassium deficiency
ranging from 3 to 6 mmol/kg due to
osmotic diuresis, emesis, and hyperal-
dosteronism (9). The absolute or relative
insulin deficit, along with hyperglyce-
mia and ketoacidosis, lead to an extra-
cellular potassium shift (19,20). During
insulin therapy; however, many patients
develop a significant lowering of the
serum potassium concentration due to
intracellular shifting of potassium, acti-
vation of Na/K ATPase, correction of
acidosis, and increase in kaliuresis
(21,22). To prevent hypokalemia, clini-
cal guidelines recommend that potas-
sium be administered even in patients
presenting with normal or high-normal
potassium levels <5.3 mEg/L and that
starting insulin infusion be held in pa-
tients with potassium levels <3.3 mEq/L
(9). In this study, hypokalemia <3.5
mEq/L was observed in 55% of patients
during insulin therapy. The average de-
cline in serum potassium during the first
48 h was 1.37 = 1.13 mEq/L in patients
with isolated DKA, 1.18 + 1.16 in pa-
tients with HHS, and 2.12 = 1.26 mEq/L
in patients with combined DKA-HHS.
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Severe hypokalemia =2.5 mEqg/L was
independently associated with almost
fivefold-higher odds for death. Severe
hypokalemia (<2.5 mEqg/L) has been
associated with a mortality rate >30%
in the hospital (23).

Studies using protocols with lower
doses of insulin (now standard of
care) in patients with DKA (24-26)
have demonstrated a lower risk of hy-
pokalemia in a controlled setting. The
implementation of standard protocols
that include potassium administra-
tion should be encouraged in all fa-
cilities caring for patients with severe
hyperglycemia (9).

A common complication of intrave-
nous insulin therapy is hypoglycemia.
Prior studies have reported an incidence
of DKA treatment-related hypoglycemia
ranging from 13 to 30% (5,27,28). These
data from observational studies in real-
world settings contrast with the data
from the several randomized controlled
studies using low-dose insulin protocols
showing lower rates (<5%) of hypo-
glycemia under controlled conditions
(24-26,29). More recently, with the use
of a computerized system in patients
with DKA requiring intravenous insulin
therapy, we have observed a significantly
lower incidence of hypoglycemia (30).
The incidence of hypoglycemia (<70
mg/dL) may vary according to the BG
target and the multiplier (0.01-0.03)
used in the computerized algorithm,
but in general, the risk of severe hypo-
glycemia is minimal (30). Of interest,
severe hypoglycemia was associated with
a 4.8-fold increase in mortality after ad-
justing for multiple variables (aOR 4.8;
95% Cl 1.4, 16.8; P = 0.014).

Insulin-induced hypoglycemia and
hypokalemia can lead to fatal cardiac
arrhythmias. Experimental data have
shown that hypoglycemia can lead to
an acquired long QT syndrome, which
could precipitate ventricular tachycar-
dia and sudden death (31). It has also
been shown that QT dispersion can be
prevented by potassium replacement.
During insulin infusion, these cardiac
conduction abnormalities appear to
be a consequence of sympathoadrenal
stimulation acting both directly on the
myocardium and through decreases in
potassium levels (31,32). Our results
highlight the strong association be-
tween hypoglycemia and hypokalemia
with mortality and raise awareness for
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the need to implement effective pro-
tocols to closely monitor both glucose
and potassium levels during insulin
therapy.

About one in every five patients with
DKA is readmitted within 30 days (33). In
this study, we included only first admis-
sions, as recurrent events would have
significant impact on the interpretation
of our results (lack of survival data out-
side the Emory Healthcare System). Nev-
ertheless, it is important to recognize
that DKA recurrence has been shown
to be significantly associated with in-
creased mortality. Zhong et al. (3) re-
ported that, compared with patients with
single admissions, those with three or
more DKA-related admissions had a two-
fold increase in all-cause mortality (3).
Similarly, a retrospective cohort from the
U.K. noted that those with two to five
DKA-related admissions had a threefold
increase of mortality, while those with
more than five admissions had a sixfold
mortality increase (34). A study similarly
evaluating recurrent DKA in the Chicago
area noted that for each DKA readmis-
sion, the odds of mortality increased 1.28
times (95% Cl 1.04, 1.58) (35). Further
research is needed to understand the
underlying factors that lead to readmis-
sion and interventions to prevent DKA
recurrence.

AKI is associated with increased mor-
tality in the hospital and is a frequent
complication of DKA (36,37). Multiple
potential mechanisms, including volume
overload, hyperkalemia, acid-base de-
rangements, increased risk of infections,
or a proinflammatory response leading
to lung injury, have been suggested. It is
also possible that AKI is colinear with
unmeasured elements of comorbidity
(36). With its limitations we adjusted
for a comorbidity score to account for
underlying conditions. In patients with
hyperglycemic crises, we could speculate
that additional factors could increase the
risk of AKI and poor outcomes, including
the severity of ketosis, hyperglycemia,
dehydration, or rhabdomyolysis (37-39).
Not surprisingly, our cohort showed in-
creased mortality among those with
worsening kidney function. Further re-
search is needed to understand the
causal relationships between risk factors
and AKI and the consequences of AKI in
patients with hyperglycemic crises.

The findings from our study are subject
to several limitations. Misclassification

based on ICD-9 codes is common in the
hospital setting and could have led to an
over- or underestimation of the fre-
quency of combined DKA-HHS. Since
pH and B-hydroxybutyrate levels are
not consistently measured in clinical
practice, there is a potential for addi-
tional misclassification of hyperglycemic
crises. To reduce misclassification bias,
we only included patients with a con-
firmed diagnosis based on admission bio-
chemical parameters commonly used
in clinical practice. Recently, Vander-
Weele et al. (40) confirmed the limita-
tions of extracting data from electronic
medical records using ICD codes alone. A
review of records showed that a large
proportion of subjects (47%) with an
ICD diagnosis of DKA did not have con-
firmatory biochemical data on admission
(40). We believe our results provide good
estimates from a large population of pa-
tients with confirmed admission data,
although this may represent a sicker
population than commonly reported in
clinical practice or derived from national
estimates using only ICD data. Other
patient characteristics that may affect
the patients’ risk and response to ther-
apy, such as duration of diabetes, were
not available. The rate of complications
or comorbidities is also subject to in-
formation bias. With its known limita-
tions, we used a Charlson Comorbidity
Index to adjust for comorbidities (41).
Assessing clinical risk in patients who are
along the continuum of DKA-HHS is
complex, and there is a need for clinical
prediction tools for hospital morbidity
and mortality (42). Our results highlight
the predictive role of age, osmolality,
bicarbonate, and treatment-related se-
vere hypokalemia and hypoglycemia in
hospital mortality. Patients with other
metabolic derangements associated
with low bicarbonate levels (e.g., lactic
acidosis) could have been included.
Selection bias is possible, as patients
with DKA diagnosis but bicarbonate
levels >18 mEqg/L were excluded.
Therefore, our findings might not be
applicable to patients with very mild
derangementsin metabolic parameters.
In addition, subjects with mixed meta-
bolic disorders could also have been
excluded. We do not know whether
there was a role for the use of sodium—
glucose cotransporter 2 inhibitors as
a precipitating factor in this cohort;
such patients may present with BG
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levels <250 mg/dL (“euglycemia”) and
may have a prolonged duration of DKA
(43). Thisisan uncommon presentation,
and this drug class was not commonly
used during the study period. To obtain
complete data, we limited our study to
a single academic institution. Despite
these limitations, we identified a large
number of patients fitting common cri-
teria of hyperglycemic crises in this
analysis.

We do not know whether patients with
combined features of DKA and HHS need
to be treated differently compared with
patients with isolated DKA or HHS. We
recommend that providers taking care
of patients with hyperglycemic crises use
insulin infusion algorithms with a low
risk of hypoglycemia and monitor and
replete potassium levels closely, partic-
ularly among patients with DKA-HHS
(>60% developed hypokalemia, with
an average 2 mEqg/L drop in potassium
levels within 48 h of admission). Lack of
an appropriate implementation of guide-
lines may lead to poor management and
increased risk of life-threatening changes
in glucose in glucose and potassium.
Dhatariyaetal. (28) reported that despite
potassium replacement (77%), in accor-
dance with protocol in the U.K., a large
proportion of patients (67%) had a po-
tassium level <4 mEqg/L within 24 h of
presentation. Similar findings were re-
ported by Galm et al. (44) in Canada,
where 47% of patients developed hypo-
kalemia (<3.5 mEq/L) despite 91% of
them receiving potassium replacement.
The severity of acidosis and dehydration
(hyperosmolality) suggests also that pa-
tients need a higher level of care
compared with patients with mild to
moderate DKA, who can occasionally be
treated in the emergency department
only, and can be even considered for
subcutaneous therapy following previ-
ously published protocols (29).

Conclusion

No prospective studies have determined
best treatment strategies for the man-
agement of patients with HHS or com-
bined DKA-HHS (1). From this large
cohort including >1,200 patients pre-
senting with hyperglycemic crises, the
following conclusions and recommenda-
tions can be drawn: 1) a combination of
HHS with DKA is common and is associ-
ated with increased mortality, and 2)
hypokalemia and hypoglycemia within
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48 h of admission are common compli-
cations among all subtypes of hypergly-
cemic crises and are associated with
increased mortality. With the growing
diabetes epidemic and rise in the in-
cidence of hyperglycemic crises, there
is an urgent need to develop effective
programs that identify subjects at the
highest risk for poor outcomes and that
ensure the avoidance of hypokalemia
and hypoglycemia, as well as initiatives
to conduct prospective studies to identify
better treatment strategies for patients
with high mortality risk such as those
with HHS with and without DKA.
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