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Abstract

Background: Diabetes and prediabetes are known risk factors for cardiovascular disease and associated
with increased mortality risk. Whether patients with a random elevated blood glucose level but no history
of diabetes are at a higher mortality and cardiovascular risk is not entirely known.

Methods: A retrospective cohort study where patients (18-80 years) with no history of diabetes between
2006-2016 attending the emergency department (ED) in Sweden were included. Based on the first (index)
blood glucose level patients were categorized into four groups: hypoglycemia (<3.9 mmol/I), normal
glucose tolerance (NGT) (3.9-7.8 mmol/I), dysglycemia (7.8-11.1 mmol/I), and hyperglycemia (>11.1
mmol/l). Data was collected from four nationwide registers (National Patient Register, National Cause of
Death Register, Prescribed Drug Register and Statistics Sweden). Cox regression was used to calculate
adjusted hazard ratios (HR) with 95% confidence intervals (Cl) for all-cause mortality and cardiovascular
outcomes using NGT as reference.

Results: 622018 patients were included during a mean follow-up time of 3.9 years. According to the index
blood glucose level: 1877 (0.3%) had hypoglycemia, 527459 (85%) had NGT, 78416 (13%) had
dysglycemia, and 14176 (2%) patients had hyperglycemia, respectively. During follow-up 45493 (7.3%)
deaths occurred. After multiple adjustments, mortality risk was highest in patients with hypoglycemia HR
2.51 (2.19-2.87) followed by patients with hyperglycemia HR 1.87 (1.80-1.94) and dysglycemia HR 1.23
(1.20-1.26). Risk for cardiovascular events: i.e., myocardial infarction, stroke and heart failure, were
highest among patients with hyperglycemia HR 2.26 (2.11-2.41), HR 1.59 (1.48-1.70) and HR 1.62 (1.49-
1.77), respectively.

Conclusion: Patients with disturbed blood glucose level at ED admission have a higher mortality risk than
patients with NGT. Patients with hyperglycemia have almost a two folded increased long-term mortality
risk and more than a doubled risk for cardiovascular events compared to patients with NGT.

Background

Patients attending the emergency department (ED) may have elevated blood glucose, without having
diabetes, which is suggested to be due to stress (1) and explained by different physiological mechanisms
compared to prediabetes and type 2 diabetes (2). Studies have shown that an elevated admission blood
glucose level, in correlation with a specific condition, such as: myocardial infarction, stroke, heart failure
or pneumonia is associated with a higher in-hospital mortality, increased length of hospital stay, and a
higher rate of in-hospital complications (3-12). Long-term mortality risk and risk of cardiovascular events
and its association to a random blood glucose level at ED admission is less studied. However, it was
recently shown that in an unselected small cohort of patients admitted to an acute general medical ward,
patients with one elevated blood glucose, no matter the cause of admission, had a higher mortality after
one year, but not after two years (13).
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Studies demonstrate that cardiovascular complications from diabetes can appear at the same time as
diabetes is diagnosed, as previously undiagnosed diabetes and impaired glucose tolerance are common
in patients with acute myocardial infarction (14). Approximately two-thirds of patients admitted for acute
myocardial infarction have unknown disturbances of glucose metabolism detected by either glycated
hemoglobin A1c (HbA1c) at admission, oral glucose tolerance test (OGTT), or a fasting blood glucose
(FPG) concentration (15); with similar results after 3 months of follow-up (16). The same picture was
found in elderly patients with stroke, whereas HbA1c and OGTT revealed that almost two-thirds of the
patients had unknown disturbances of glucose metabolism at the time of their stroke, although at three
months follow-up the disturbances of glucose levels were less noticeable (17).

The association between elevated random blood glucose levels at hospital admission and short-term
outcome is well studied (7, 12). Whether a simple random blood glucose level also can predict outcomes
such as death and cardiovascular complications in the long run is less studied. The aim of the present
study is to investigate the association of a random blood glucose level at ED admission and mortality
risk and cardiovascular events, i.e., myocardial infarction, stroke and heart failure, in patients with no
history of diabetes.

Methods
Study design

This is a retrospective cohort study. Study reporting followed the STROBE guidelines for observational
studies using routinely collected data (18). The study complied with the Declaration of Helsinki and was
approved by the regional research ethics committee in Stockholm, Sweden (2018/1089-31, 2019-02339
and 2020-05925).

Study population

From 2006 to 2016, all patients 18-80 years of age, attending the ED in four hospitals in Stockholm,
Sweden (i.e., Karolinska University Hospital Huddinge, Karolinska University Hospital Solna, Danderyd
University Hospital and Sodersjukhuset) and three hospitals in Gothenburg, Sweden (i.e., Sahlgrenska
Hospital, Ostra Hospital and MdIndal Hospital), were included.

Patients with known diabetes were excluded and only the first visit to the ED during the study period was
accepted as an inclusion to the study. History of diabetes were determined by controlling which patients
had collected antidiabetic treatment from the pharmacy according to the prescribed drug register (PDR)
before admission (19).

Patient data was collected by individual-level data-linking using the unique personal identity number
assigned to all persons living in Sweden (20, 21). Baseline characteristics, hospital stay and medical data
were collected from the national patient register (NPR) (22). In collecting baseline characteristics, both
primary and secondary diagnoses were accepted as medical history to ensure that the patients” medical
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backgrounds were fully identified. The index diagnosis, i.e., the reason why the patients were attending
the ED in the first place was not included in the medical background. Information regarding mortality was
collected from the national cause of death register (23) and cardiovascular mortality was defined as the
primary diagnosis from the same register. For the definition of myocardial infarction, stroke and heart
failure, ICD diagnosis codes from the NPR were used (Supplementary material Table S1).

Information regarding revascularization (i.e., percutaneous coronary intervention [PCI]) and coronary
artery bypass grafting [CABG]) was collected from NPR (Supplementary material Table S1). Information
about medication/drugs was collected from PDR (24), and all drugs collected 365 days before the visit to
the ED was accepted. Information regarding socioeconomic status and education were collected from
statistics Sweden (Statistiska Centralbyran) (25).

Exposure

Depending on the result from the random blood glucose level at admission to the ED, patients were
divided into four glucose tolerance groups according to the American Diabetes Association 2021 (26).

» Hypoglycemia — Random plasma glucose value at <3.9 mmol/I
« Normal glucose tolerance (NGT) - Random plasma glucose level at = 3.9 to <7.8 mmol/I
» Dysglycemia - Random plasma glucose level =7.8 to <11.1 mmol/I.

» Hyperglycemia - Random plasma glucose value =11.1 mmol/I

All hospitals used plasma glucose as the measurement method except for the hospitals in Gothenburg
where venous blood glucose was measured instead. The formula “plasma glucose = venous blood
glucose x 1.11" was used to equalize all the measurements in the current study (27).

Outcomes

The primary outcome was all-cause mortality. Secondary outcomes were cardiovascular events, i.e.,
cardiovascular mortality, myocardial infarction, stroke and hospitalization due to heart failure.

Statistical methods

Patient characteristics were described using frequencies and percentages for categorical variables and
means and standard deviations (SD) for continuous variables. For each outcome the person-time in years
which was contributed by each patient, was calculated from the date of attending the ED to the date of
death, myocardial infarction, stroke, heart failure or the end of the follow-up (315! December 2016).
Separately for all outcomes, we calculated the crude incidence rates and 95% confidence intervals (Cls)
by the following random blood glucose categories: hypoglycemia, NGT, dysglycemia and hyperglycemia.
We used Cox regression to estimate the hazards ratios (HR) with NGT as the reference category. In the
Cox models we used hospital as stratification variable and adjusted for visit date, age and sex. In a final
adjusted model we also included all the remaining variables listed in table 1 as covariates except for
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glucose. Fine and Gray method were used in Cox model when adjusting for competing risk (28). Data
management and statistical analyses were performed using SAS 9.4 for Windows (SAS Institute Inc) and
R 4.1 (www.R-project.org).

Results

Baseline characteristics

Baseline characteristics are shown in table 1. 622 018 patients with a mean age of 47.7 (17.9) years were
included, of whom 300 979 (48.4%) were men. According to the categorization after the index blood
glucose level: 1877 (0.3%) had hypoglycemia, 527 459 (85%) had NGT, 78 416 (13%) had dysglycemia
and 14 176 (2%) had hyperglycemia, respectively (Table 1). Patients with hyperglycemia were older and
more often male compared to the other groups. The prevalence of hypertension, chronic obstructive
pulmonary disease, prior stroke and peripheral arterial disease was more common in patients with
hyperglycemia. Patients with dysglycemia and hyperglycemia had the highest prevalence of atrial
fibrillation, coronary heart disease, prior revascularization procedure (CABG and PCI) and chronic kidney
disease (CDK), compared to the other groups. Patients with dysglycemia were more often treated with
statin therapy, aspirin, P2Y12-inhibitors, angiotensin converting enzyme inhibitors (ACEl)/angiotensin
receptor blockers (ARB) and oral anticoagulants (OAC) than the other groups.

Early (30-day) outcomes — event, event rates and risk of mortality, myocardial infarction, stroke, and heart
failure due to blood glucose level categorization

During the first 30-days a total of 4874 patients died (0.7%): 81 (4.3%) patients with hypoglycemia, 2484
(0.5%) patients with NGT, 1393 (1.8%) patients with dysglycemia and 916 (6.5%) patients with
hyperglycemia, respectively. Event, event rates and HRs are all shown in table 2.

Within the first 30-days, after multiple adjustments, patients with hypoglycemia had the highest risk of all-
cause mortality HR 9.94 (95% Cl 7.95-12:43), followed by patients with hyperglycemia HR 6.92 (95% ClI
6.39-7.49), and patients with dysglycemia HR 2.18 (95% Cl 2.03-2.33), respectively, compared to patients
with NGT. In contrast patients with hyperglycemia had the highest risk of cardiovascular mortality HR
15.22 (95% ClI 13.33-17.37) followed by patients with hypoglycemia HR 4.81 (95% Cl 2.38-9.70), and
patients with dysglycemia HR 2.98 (95% Cl 2.62-3.40), compared to patients with NGT (Table 2).

After multiple adjustments, the risk of myocardial infarction, stroke and heart failure was highest among
patients with hyperglycemia HR 3.38 (95% CI 3.10-3.69), HR 2.08 (95% Cl 1.90-2.26) and HR 2.01 (95% ClI
1.75-2.32), respectively, compared to patients with NGT. Corresponding numbers for patients with
dysglycemia were HR 1.71 (95% CI 1.61-1.81), HR 1.44 (95% CI 1.36-1.51), and HR 1.21 (95% CI 1.10-
1.33), respectively; and for patients with hypoglycemia HR 0.78 (95% Cl 0.37-1.65), HR 1.07 (95% CI 0.65-
1.78), and HR 0.56 (95% CI 0.21-1.48), respectively, compared to patients with NGT (Table 2).
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Long-term outcomes — event, event rate and risk of mortality and myocardial infarction, stroke and heart
failure due to blood glucose level categorization

During a mean follow-up time of 3.9 years (maximum 9 years), a total of 45 493 (7.3%) patients died: 218
(12%) with hypoglycemia, 32 127 (6.1%) with NGT, 10 164 (13%) with dysglycemia, and 2 984 (21%)
patients with hyperglycemia, respectively. Events, event rate and HRs of mortality, myocardial infarction,
stroke and heart failure between categorized groups are shown in table 3. The long-term outcome of
mortality is illustrated by a Kaplan Meier curve in figure 1. Long-term outcome of cardiovascular mortality,
myocardial infarction, stroke, and hospitalization of heart failure are further illustrated in Kaplan Meier
curves (Supplementary material Figure S1).

After multiple adjustments, the relative risk of all-cause mortality was highest among patients with
hypoglycemia HR 2.51 (95% CI 2.19-2.87) followed by patients with hyperglycemia HR 1.87 (95% CI 1.80-
1.94) and patients with dysglycemia HR 1.23 (95% Cl 1.20-1.26), respectively, compared to the reference
category of NGT. After multiple adjustments, the relative risk of cardiovascular mortality between groups
was much the same as the relative risk for all-cause mortality (Table 3).

For the secondary outcomes, after multiple adjustments, the risk of myocardial infarction, stroke and
heart failure were highest among patients with hyperglycemia HR 2.26 (95% Cl 2.11-2.41), HR 1.59 (95%
Cl 1.48-1.70) and HR 1.62 (95% Cl 1.49-1.77), respectively, compared to patients with NGT (Table 2).
Corresponding numbers were for patients with dysglycemia HR 1.38 (95% CI 1.32-1.44), HR1.21 (95% ClI
1.17-1.26) and HR 1.11 (95% CI 1.06-1.17), respectively; and for patients with hypoglycemia HR 0.92
(0.59-1.43), HR 1.17 (0.84-1.64), and 1.08 (0.70-1.66), respectively, compared to patients with NGT (Table
3).

After excluding the first 30-day from the analysis the results were much the same as for the main
analysis (Supplementary material Table S2).

Sensitive analysis (competing risk analysis) of long-term outcomes — event, event rate and risk of
myocardial infarction, stroke and heart failure due to blood glucose level categorization

The association between blood glucose levels and the relative risk of cardiovascular events with
competing risk of death was also investigated. In a competing risk regression analysis, one could see that
the sub distribution HRs for myocardial infarction, stroke and heart failure was not statistically affected
after this analysis (Supplementary material Table S3).

Mortality and cardiovascular event rates related to sex

Event rates and risk of all-cause mortality, cardiovascular mortality, myocardial infarction, stroke and
heart failure due to blood glucose level categorization in women and men, respectively, is presented in
table S4 (Supplementary material). Age and sex standardized mortality rate for women was in the
hypoglycemia group 57.8 (95% Cl 38.0-77.5), NGT group 14.4 (95% CI 13.9-14.8), dysglycemia group 19.5
(95% CI 18.3-20.7) and hyperglycemia group 35.1 (30.6-39.6), calculated per 1000 person-years,
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respectively. Corresponding numbers for men was in the hypoglycemia group 56.5 (95% Cl 37.4-75.6),
NGT group 20.3 (95% CI 19.7-20.9), dysglycemia group 24.0 (95% Cl 22.7-25.2) and hyperglycemia group
41.6 (95% Cl 37.6-45.6) calculated per 1000 person-years, respectively.

Discussion

In this large observational study, it is shown that patients without previously known diabetes who were
attending the ED at seven hospitals in Sweden between 2008-2016 with one random blood glucose
above 7.8 mmol/L had an increased risk of death and cardiovascular events compared to patients with
NGT, i.e.,, 3.9—-7.8 mmol/L. Patients with one random blood glucose level beneath 3.9 mmol/L also had
an increased risk of death compared to patients with NGT.

Previous smaller studies have found that an elevated random blood glucose in patients admitted to the
ED is associated with an early mortality risk, higher readmission rates and greater length of hospital stay
(4,7,12). The present results from this large observational study confirms earlier short-term studies (4, 7,
12), but also suggests that a random blood glucose level at admission predicts death and cardiovascular
outcome in patients without known diabetes at a long follow-up period (maximal 9 years). It was recently
demonstrated in a small, unselected cohort of patients admitted to ED, that the admission blood glucose
helps to predict one-year, but not two-year mortality (13). In the current study one random elevated blood
glucose level measured in patients admitted to ED was associated to both early-, and long-term increased
risk of mortality and cardiovascular events. Although, most events occurred within the first year, the
findings were consistent in the long run, and so were also the findings when competing risk of death was
controlled for.

In the present study approximately 15% of the patients had unknown disturbances of glucose
metabolism. A proportion much lower compared to earlier studies in patients admitted to the hospital due
to for example myocardial infarction (14, 15, 29). Despite a lower proportion of patients with
hyperglycemia, compared to recent studies (14-16, 30, 31) the increased mortality risk and risk of
cardiovascular events in patients were consistent and started already in patients categorized with mild
hyperglycemia (dysglycemia). This also confirms recent studies demonstrating that even patients with
mild elevated blood glucose level at hospital admission have a poorer outcome and a higher risk for
cardiovascular events, compared to persons with NGT (32, 33).

Stress hyperglycemia is common in critically ill patients and is suggested as a marker of disease severity
(34). Itis known that acute illness may result in hyperglycemia due to insulin resistance caused by
multiple neuroendocrine response. This response has further been suggested as an essential survival
response (34). Nevertheless, several studies have pointed toward an association between elevated
random blood glucose at admission in combination with different critical ill conditions, with poor
outcome and increased mortality (3, 6, 10, 35). However, attempts to treat critically ill patients with tight
glycemic control does not affect the mortality risk (36). We cannot prove any evidence of causality
between the elevated blood glucose level and risk of mortality, or cardiovascular events observed in the
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current study. Neither can we say that patients with one elevated blood glucose level can be categorized
having diabetes or prediabetes. However, it is more likely that patients with severe hyperglycemia will be
diagnosed with diabetes, i.e., mostly type 2 diabetes, in which insulin resistance occur several years
before the diagnosis. Insulin resistance is multifactorial caused by genetic and environmental factors
(predominantly obesity), and in a certain situation such as acute illness it may result in a reduced effect
of the insulin action, which causes elevated glucose levels (37, 38). Also a mild elevated glucose level,
which may be observed in persons with insulin resistance, is a risk marker and associated with an
increased risk of cardiovascular outcomes and mortality (39). Even though stress induced hyperglycemia
has been suggested an essential survival response, elevated blood glucose levels in patients in an acute
situation should raise concern and always be followed-up and treated to combat cardiovascular
complications (40, 41).

Only patients without a history of diabetes were included in the present study. At admission one elevated
random blood glucose level was associated to not only increased mortality risk, but also to a higher
incidence of myocardial infarction, stroke, and heart failure. The higher the random blood glucose level at
admission, the greater was the risk of these events, both at early and at long-term follow-up. Patients with
hyperglycemia at admission had more than a doubled risk of myocardial infarction, stroke and heart
failure compared to patients with normal blood glucose levels. Due to the association between increased
blood glucose levels at admission and the increased cardiovascular events in the long run there is reason
to believe that these patients also developed diabetes. Chronic hyperglycemia is one strong, driven risk
factor for the excess risk of cardiovascular events in both type 1 and type 2 diabetes over time (42, 43).

Patients admitted to the hospital for cardiovascular disease often have a disturbed glucose metabolism
and are usually screened by either FPG, HbA1c or OGTT to confirm diabetes or prediabetes (26); whereas
OGTT is the strongest predictor for cardiovascular disease, and therefore suggested the best tool in the
screening for prediabetes (44, 45). Not all persons with prediabetes will progress to type 2 diabetes;
although these persons are still at higher cardiovascular risk compared to persons with NGT (39). The
risk of progression to type 2 diabetes depends on other factors such as obesity, sedentary lifestyle and
sex. Lifestyle intervention and glucose lowering medication may halt this progression (46). We do not
have any information about these important factors, except for sex, in which males were at a higher
absolute mortality risk compared to females. Although, the relative mortality and cardiovascular risk
followed the same pattern in both sexes (47).

It is reported that critically ill patients (irrespectively of diabetes and its treatment) may have
hypoglycemia (48). This is however uncommon in adults who are not treated for diabetes, which was
reflected in the present study demonstrating a very low number of patients with hypoglycemia at
admission (0.3%). This group was younger, more often female and with less proportion of cardiovascular
disease at baseline. After adjustment for this and other confounding factors at baseline they had the
highest early- and long-term all-cause mortality risk. In patients with type 2 diabetes studies report an U-
shaped association between glycemic control, i.e., HbA1c, and mortality risk especially observed in
patients on insulin treatment (49). The present study excluded patients with known diabetes, wherefore
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patients with hypoglycemia should not have received any insulin treatment in relation to the blood
glucose level at ED admission. A more likely explanation is non-diabetes hypoglycemia which may be due
to a variety of causes, e.g., hepatic, renal and cardiac failure, sepsis, trauma, burns, hormone deficiency,
poisoning and malnutrition (48), making this group extra vulnerable at the ED and important to be
followed-up.

Strengths

The strength of the present study was the large study population and the long follow-up period. Other
strengths of this study were its accurate determination of all-cause mortality and cardiovascular
outcomes of the high quality national Swedish health data registers.

Limitations

Our analysis was limited to admission glucose values, and we could not determine how many patients
with elevated glucose on admission had persistent hyperglycemia during hospitalization or in the long
run. For the same reason we could also not assess the effectiveness of early, or long-term anti-diabetes
treatment, or secondary prevention, e.g., treatment against the cardiovascular outcomes of interest. As in
every observational study, a possibility of residual confounding by unmeasured factors cannot be
eliminated.

Conclusion

In this large observational study including patients without known diabetes, a random blood glucose
above 7.8 mmol/L at ED admission was associated with an increased early- and long-term mortality risk
and cardiovascular outcome events, a risk that was further increased if blood glucose raised above 11.1
mmol/L. Patients with one random blood glucose level beneath 3.9 had both early- and long-term
increased mortality risk. This indicates that a random blood glucose in the ED can help identify patients
at risk and further controlled studies to improve their outcome should be considered.
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Tables

Table 1. Baseline characteristics in 622 018 patients attending the emergency department.
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Variables

n

Age, Mean (SD)

Men, n (%)

Comorbidities

Hypertension, n (%)

Atrial fibrillation, n (%)

Coronary heart
disease, n (%)
Prior CABG, n (%)
Prior PCI, n (%)
Prior stroke, n (%)
Peripheral arterial
disease, n (%)
COPD, n (%)

CKD, n (%)

Laboratory values

eGFR, Mean (SD)
>60 ml/min, n (%)
30-60 ml/min, n (%)
15-30 ml/min, n (%)

<15 ml/min, n (%)

All

622 018

47.7
(17.9)

300 979
(48.4)

49 325
(7.9)

17 740
(2.9)

24 362
(3.9)

3172
(0.5)

7 681
(1.2)

11 862
(1.9)

1230
0.2)

8815
(1.4)

2 840
(0.5)

96.3
(22.0)

485 727
(94.3)

25084
4.9)

2 858
(0.6)

1614
0.3)

Hypoglycemia
<3.9 mmol/L

1877
39.7 (17.0)

782 (41.7)

108 (5.8)
45 (2.4)
54 (2.9)
6 (0.3)

9 (0.5)
35(1.9)
8 (0.4)
44 (2.3)

10 (0.5)

100.5 (28.6)
1499 (91.5)
73 (4.5)
43 (2.6)
24 (1.5)
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NGT

3.9-7.7
mmol/L

527 549

46.2
(17.7)

248 498
(47.1)

37 140
(7.0)

13 762
(2.6)

18 592
(3.5)

2 525
(0.5)

6116
(1.2)

9 066
(1.7)

874 (0.2)
6 567
(1.2)

2174
(0.4)

97.7
(21.5)

426 542
(95.2)

18 207
4.1)

1951
(0.4)

1190
(0.3)

Dysglycemia

7.8-11.1
mmol/L

78 416
56.2 (16.6)

43 046
(54.9)

10125
(12.9)
3342 (4.3)
4797 (6.1)
545 (0.7)
1328 (1.7)
2 308 (2.9)
267 (0.3)

1780 (2.3)

538 (0.7)

87.2 (22.6)
49 479
(88.7)
5349 (9.6)

648 (1.2)

314 (0.6)

Hyperglycemia
>11.1 mmol/L

14176
57.5(15.7)

8 653 (61.0)

1952 (13.8)
591 (4.2)
919 (6.5)
96 (0.7)
228 (1.6)
453 (3.2)

81 (0.6)
424 (3.0)

118 (0.8)

85.2 (26.2)
8 207 (82.4)
1455 (14.6)
216 (2.2)

86 (0.9)




Random glucose,
Mean (SD)

Medication at index
visit

Statin therapy, n (%)
Aspirin, n (%)
P2Y12inhibitors, n (%)
Betablockers, n (%)
ACE/ARB, n (%)
Calcium channel-
blockers, n (%)

OAC, n (%)

Diuretics, n (%)

Socioeconomics

Married, n (%)
Not married, n (%)
Widowed, n (%)

Education

Primary school, n (%)

Collage, n (%)

6.6 (2.6)

48 133
(7.7)

41 452
(6.7)

3573
0.6)

65473
(10.5)

73769
(11.9)

37 830
6.1)

14 400
(2.3)

33 249
(5.3)

250 975
(40.3)

344 058
(55.3)

22 587
(3.6)

132 385
(21.3)

255 860
(41.7)

3.4(0.5)

66 (3.5)
74 (3.9)
11 (0.6)
133 (7.1)
98 (5.2)
61 (3.2)
24 (1.3)

73 (3.9)

502 (26.7)
1316 (70.1)

39 (2.1)

499 (26.6)

736 (39.2)

6.0 (0.8)

36 305
6.9)

31 354
(5.9)

2738
(0.5)

49 394
(9.4)

56 175
(10.6)

27 803
(5.3)

11 244
(2.1)

24 460
(4.6)

207 846
(39.4)

298 798
(56.6)

16 952
(3.2)

109 613
(20.8)

216 838
(41.7)

8.8 (0.8)

10016
(12.8)

8 502 (10.8)
712 (0.9)
13 382

(17.1)

14 826
(18.9)

8 426 (10.7)
2 709 (3.5)

7199 (9.2)

36 520
(46.6)

36 852
(47.0)

4725 (6.0)

18 327
(23.4)

32 371
(41.3)

17.0 (10.6)

1746 (12.3)
1522 (10.7)
112 (0.8)

2 564 (18.1)
2 670 (18.8)
1540 (10.9)
423 (3.0)

1517 (10.7)

6 107 (43.1)
7 092 (50.0)

871 (6.1)

3 946 (27.8)

5915 (41.7)

ACE, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blockers; CABG, coronary artery

bypass grafting, COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; eGFR,

estimated glomerular filtration rate; OAC, oral anticoagulants; PCI, percutaneous coronary intervention SD,

Standard deviation; n, number of patients
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Table 2. Early (30-day) event, event rates and relative risks for all-cause mortality, cardiovascular
mortality, myocardial infarction, stroke and failure in 622 018 patients attending the emergency
department.
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Variable

All-cause
mortality

CVD mortality

Myocardial
Infarction

Stroke

Glucose group

Hypoglycemia

NGT

Dysglycemia

Hyperglycemia

Hypoglycemia

NGT

Dysglycemia

Hyperglycemia

Hypoglycemia
NGT

Dysglycemia

Hyperglycemia

Hypoglycemia

NGT

Dysglycemia

Event

81

484

393

916

522

430

458

847

631

644

15

976

Event rate
1000 PY
(95% ClI)

543.6
(431.7-
675.7)

57.6 (55.4-

59.9)

219.3
(207.9-
231.1)

829.7
(776.8-
885.2)

53.7 (23.2-

105.8)

12.1 (11.1-

13.2)

67.7 (61.4-

74.4)

414.9
(377.7-
454.6)

47.3 (19.0-

97.5)

89.8 (87.0-

92.7)

2618
(249.2-
274.8)

6036
(557.8-
652.0)

101.4
(56.7-
167.2)

140.0
(136.5-
143.6)

346.8
Page 18/21

Age, sex, date and
hospital adjusted HR

(C1 95%)

14.26 (11.42-17.80)

2.31(2.16-2.47)

8.34 (7.71:9.02)

6.96 (3.46-13.99)

3.18 (2.79-3.63)

18.34 (16.09-20.92)

0.76 (0.36-1.60)

1.72 (1.62-1.83)

3.43 (3.15:3.74)

1.04 (0.63-1.73)

1.44 (1.37-1.52)

Multivariable
adjusted HR

(C1 95%)

2.18 (2.03-
2.33)

6.92 (6.39-
7.49)

4.81 (2.38-
9.70)

1

2.98 (2.62-
3.40)

15.22 (13.33-
17.37)

0.78 (0.37-
1.65)

1

1.71 (1.61-
1.81)

3.38 (3.10-
3.69)

1.07 (0.65-
1.78)

1.44 (1.36-




151 (332.3- 1.51)
361.7)
Hyperglycemia 600 561.8 2.10 (1.93-2.29) 2.08 (1.90-
(517.7- 2.26)
608.6)
Heart failure Hypoglycemia 4 26.8 (7.3- 0.81 (0.30-2.15) 0.56 (0.21-
68.7) 1.48)
NGT 2 47.1(45.1- 1 1
024  49.2)
Dysglycemia 632 100.2 1.23 (1.12-1.35) 1.21 (1.10-
(92.5- 1.33)
108.3)
Hyperglycemia 224 205.7 2.30 (2.00-2.64) 2.01 (1.75-
(179.6- 2.32)
234.5)

Cl, confidence interval; CV, cardiovascular; HR, Hazard Ratio; n, number of patients; NGT, normal glucose
tolerance; PY, patient-years

Table 3 — Long term event, event rates and relative risks for all-cause mortality, cardiovascular mortality,
myocardial infarction, stroke and heart failure in 622 018 patients attending the emergency department.
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Variable

All-cause
mortality

CV mortality

Myocardial
infarction

Stroke

Glucose group

Hypoglycemia

NGT

Dysglycemia

Hyperglycemia

Hypoglycemia

NGT

Dysglycemia

Hyperglycemia

Hypoglycemia
NGT

Dysglycemia

Hyperglycemia

Hypoglycemia
NGT

Dysglycemia

Event

218

32
127

10
164

084

43

655

445

982

20

648

095

982

34

12
270

829

Event
rate

1000 PY
(95% CI)

29.2
(25.5-
33.4)

15.5
(15.4-
15.7)

32.2
(316-
328)

54.9
(53.0-
56.9)

5.8 (4.2-
7.8)

3.2 (31-
33)

7.7 (74-
81)

18.1
(17.0-
19.2)

2.7 (1.6-
4.2)

4.2 (4.1-
4.3)

10.1
(9.8-
10.5)

19.0
(17.8-
20.2)

4.6 (3.2-
6.4)

6.0 (5.9-
6.1)

12.6
(12.2-
13.0)
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Age, sex, date and
hospital adjusted HR

(C1 95%)

3.16 (2.76-3.61)

1.24 (1.22-1.27)

2.05 (1.97-2.13)

3.25 (2.41-4.39)

1.28 (1.22-1.34)

2.82 (2.64-3.03)

1.01 (0.65-1.57)

1.39 (1.33-1.45)

2.33(2.18-2.50)

1.22 (0.87-1.71)

1.22 (1.17-1.26)

Multivariable
adjusted HR

(Cl 95%)

2.51(2.19-2.87)

1.23 (1.20-1.26)

1.87 (1.80-1.94)

2.54 (1.88-3.42)

1.25(1.19-1.31)

2.51 (2.35-2.69)

0.92 (0.59-1.43)

1.38 (1.32-1.44)

2.26 (2.11-2.41)

1.17 (0.84-1.64)

1.21 (1.17-1.26)




Heart failure

Hyperglycemia

Hypoglycemia
NGT
Dysglycemia

Hyperglycemia

947

21

796

012
572

18.4
(17.2-
19.6)

2.3)(1 7-

4,
3.3 (3.2-
3.4)

6.5 (6.2-
6.8)

10.8
(9.9-
11.7)

1.63 (1.52-1.74)

1.43 (0.93-2.19)

1.14 (1.08-1.20)

1.81 (1.66-1.97)

1.59 (1.48-1.70)

1.08 (0.70-1.66)

1.11 (1.06-1.17)

1.62 (1.49-1.77)

Cl, confidence interval; CV, cardiovascular; HR, Hazard Ratio; n, number of patients; NGT, normal glucose
tolerance; PY, patient-years

Supplementary Material

Supplementary Materials are not available with this version

Figures

Figure 1

Crude estimated Kaplan-Meier curve between blood glucose and death (all-cause mortality) in 662 018
patients with previous unknown diabetes categorized into four different groups, i.e. hypoglycemia (<3.9
mmol/L), normal glucose levels (3.9-7.7 mmol/L), dysglycemia (7.8-11.0) and hyperglycemia (=11.1
mmol/L) according to one random glucose blood level due to visiting emergency department at seven
different hospitals in Sweden between 2006-2016.
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