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Admission blood glucose helps predict 1 year, but not
2 years, mortality in an unselected cohort of acute
general medical admissions

F. Haddadin,1 A. Clark,2 N. Evans,1 K. Dhatariya1,2

SUMMARY

Aim: We previously showed that hyperglycaemia in newly hospitalised medical in-

patients is associated with longer length of hospital stay, higher 28-day readmis-

sion rates and increased 28-day mortality. We aimed to assess whether a single

blood glucose measurement taken at the time of admission could help to predict

1 and 2 years mortality. Methods: We retrospectively reviewed data from all

1502 patients admitted to our Acute Medical Unit during February 2010. Results:

By using a blood glucose range of 6.5–7.0 mmol/l as the comparator, an admis-

sion blood glucose between 9.1 and 20 mmol/l was associated with an increased

risk of death at 1 year (p < 0.05). In addition, those people with admission glu-

cose readings of < 6.5 mmol/l showed a strong trend towards a higher mortality

(p = 0.053) at 1 year. Conclusion: Thus admission blood glucose can be used to

help predict the risk of 1 year mortality in an unselected cohort of general medical

admissions.

What’s known
Hyperglycaemia is common in acutely unwell patients

and is associated with poor short term outcomes. It has

previously been shown that the measure of long-term

glycaemic control, the glycated haemoglobin (HBA1c),

is a predictor of mortality in acutely hospitalised

patients. It has also been shown that a random blood

glucose taken at the time of admission predicts 28-day

readmission rates, length of stay and mortality

What’s new
This study shows that at admission random blood

glucose can predict 1 year mortality, with a glucose

level of 6.5–7.0 mmol/l being associated with the

lowest mortality rates. There is a statistically greater

risk of death at 1 year with glucose levels

> 9.1 mmol/l and a strong trend towards increased

mortality with glucose levels lower than 6.5 mmol/l.

Introduction

Elevated plasma glucose levels in people not previ-

ously known to have diabetes – so called ‘stress

hyperglycaemia’ – is a common feature in the acutely

ill patient (1). Hyperglycaemia of any cause in hospi-

talised inpatients is associated with increased short-

term mortality, in-hospital complications and lower

functional outcome (2–4). With the increasing preva-

lence of obesity and consequent insulin resistance it

is likely that the incidence of stress hyperglycaemia,

and subsequent complications, will rise.

We have previously shown that in a cohort of all

1502 patients admitted to our Acute Medical Unit

(AMU), a random plasma glucose taken during the

first few hours of admission was strongly related to

length of hospital stay, 28-day readmission rate and

28-day mortality (5). What is not known, however,

is if a single random admission glucose measurement

can help predict outcomes over a longer period.

Methods and procedures

These have been described previously (5). Briefly, the

medical records of all unselected emergency medical

admissions to the AMU at the Norfolk and Norwich

University Hospitals NHS Foundation Trust during

February 2010 were reviewed retrospectively for short

(30 days) and long-term (2 years) mortality rates.

Venous blood glucose was measured on admission at

the time of first assessment either in the emergency

department, or in the AMU if the patient was

referred directly from their general practitioner.

We wanted to determine if there was a relation-

ship between the single admission blood glucose

value and mortality at 1 and 2 years after that index

admission. We subsequently did a retrospective case

notes review to determine the status of those individ-

uals who had an admission blood glucose measured

to see if they were alive or, if they had died, and if

so how long after their admission in February 2010
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they died. We assessed overall mortality, whether in

or out of hospital.

Ethical approval was not deemed necessary for this

work, because this was retrospective analysis of data

and no patient identifiable information was collected.

It was classified as a ‘service improvement exercise’

by our institution.

To allow a comparison with our initial report,

patients were divided into six prespecified groups

based on their blood glucose on admission:

< 6.5 mmol/l, 6.5–7 mmol/l, 7.1–9 mmol/l, 9.1–
11 mmol/l, 11.1–20 mmol/l and > 20 mmol/l. These

prespecified cut-offs were chosen to allow direct

compassions with similar work presented as an

abstract prior to this work being undertaken (Dr

Philip Dyer, personal communication). Crude odds

ratios were estimated to assess the association

between mortality and blood glucose. To eliminate

potential confounding with age and gender, a multi-

variable logistic regression model was fitted to esti-

mate the adjusted odds ratios. Age was split into five

equal groups for the regression model.

Results

During the 28 days of February 2010, 1502 patients

were admitted through the AMU. Of those, 240

(16%) had an established diagnosis of type 1 or type

2 diabetes. 943 of the 1502 patients (63%) had a

blood glucose measured on admission.

The results are shown in Tables 1–4. Table 1

shows the basic information of the patients admitted

– how many were admitted under which speciality

and how many of them had diabetes. Table 2 shows

the number of individuals in each category of blood

glucose and the number and percentage of those

who died at 28 days, 1 and 2 years follow-up. At

28 days, there was a significantly increased odds ratio

of death for those in the 11.1–20 mmol/l category

compared with the <6.5 mmol/l category, which was

not because of confounding by age or sex. However,

the association was not present at either 1-year fol-

low-up (p = 0.150) or 2-year follow-up (p = 0.171).

Table 3 shows the crude and adjusted odds ratio

of death. Adjustment was made for age and gender.

There was no significant relationship between admis-

sion blood glucose at admission in February 2010

and risk of death after 1 or 2 years of follow-up. The

mortality in each group was in a mixture of people

with and without a previous diagnosis of diabetes,

that is, the deaths in each group were not limited to

those with known diabetes.

Table 4 shows the crude and adjusted odds ratio

of death. After adjustment for age and gender, mor-

tality rates for each admission blood glucose range

were compared with those using a baseline of 6.5–
7 mmol/l. This demonstrated a significant increase in

the odds ratio of death in the two groups with

admission blood glucose between 9.1 and 11 mmol/l

and 11.1 and 20 mmol/l at 28 days and 1 year, but

not 2 years.

Discussion

We have shown that an admission blood glucose

level between 9.1 and 20 mmol/l was associated with

a statistically significant odds ratio for increased risk

of mortality over 1 year of between 2.04 and 2.57

(p = 0.047 for glucose levels between 9.1 and

11.0 mmol/l, and p = 0.006 for glucose levels 11.1

and 20 mmol/l) when compared with an admission

glucose of 6.5–7.0 mmol/l. The adjusted odds ratio

for mortality at 1 year with a blood glucose

< 6.5 mmol/l was 1.63 and showed a strong trend

towards being statistically significant (p = 0.053).

Before publication of the Diabetes Control and

Complications Trial (DCCT) in 1993, there was an

enormous amount of information that showed long-

term poor diabetes control was associated with poor

outcomes (6). It was only after the publication of the

DCCT, and subsequently the United Kingdom Pro-

spective Diabetes Study (UKPDS) in 1998, that

showed intervention in long-term glycaemic control

made a difference in reducing diabetic complications

(7). Inpatient diabetes care is in a similar position to

that of outpatient treatment of diabetes prior to the

publication of the DCCT, i.e. there is a lot of evi-

dence to show that transient high blood glucose

levels in hospitalised inpatients are associated

with harm, but there is little evidence to show that

Table 1 A breakdown of total admissions under each

speciality during February 2010, and what proportion

of them had diabetes

Specialty Number of patients

Number (%)

with diabetes

Medicine for

elderly people

577 94 (16.3)

Cardiology 221 25 (11.3)

Respiratory 200 28 (14)

Nephrology 30 9 (30)

Gastroenterology 132 18 (13.6)

Endocrinology 30 22 (73)

Neurology 77 12 (16.9)

Dermatology 1 0 (0)

Haematology 16 0 (0)

Oncology 56 4 (7.4)

General medicine 162 27 (16.7)
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intervention makes a difference (8). There are, how-

ever, data showing that hyperglycaemia in hospita-

lised patients with a wide range of specialities is

associated with increased mortality (9,10). Our data

are different, however, because we have focussed on

analysing outcomes depending on a single blood glu-

cose level taken on admission, rather than later on

during the course of the inpatient stay.

Recent data have shown that there is a relationship

between HbA1c and the 2-year risk of hospitalisation

and mortality (11). In this respect, our data are simi-

lar in showing a relationship with a measure of gly-

caemic control; however, our data differ because

rather than showing a relationship between a mea-

sure of overall glycaemic control over a 3-month

period, we have shown a relationship between a sin-

gle random blood glucose level and mortality.

The data we present make no attempt to identify

the potential causes of the increased mortality, only

to describe a relationship between admission blood

glucose and the risk of death. It remains to be deter-

mined whether specific glucose lowering intervention

will benefit these individuals – indeed, the benefits of

tight glycaemic control remain hotly debated (8,12)

– but the process of more frequent monitoring may

be responsible for the earlier detection of potential

complications (13). However, in an analysis of over

10 million hospital admissions across all English

Hospitals between 2010 and 2012, the 11.2% of peo-

ple recorded as having diabetes accounted for 21.5%

of all deaths – and, as the authors explained, diabetes

was associated with a 6.3% greater risk of dying (10).

Therefore, the question of whether being labelled as

having diabetes is somehow ‘protective’ or not in

hospitalised patients, remains unanswered.

Previous work has shown that the prevalence of

inpatient hypoglycaemia and hyperglycaemia are high

(14). While not being statistically significant, the

strong trend in our data towards a higher mortality

in those with blood glucose levels < 6.5 mmol/l

(p = 0.053) reflects the work of others to show that

hypoglycaemia is associated with an increased risk of

1 year mortality (15,16). These individuals were not

limited to one particular speciality, which made them

more susceptible to hypoglycaemia, neither were

these individuals limited to those known to have dia-

betes on glucose lowering drugs. Whether it is dys-

glycaemia per se that is responsible for the increased

mortality, or whether hyper- or hypoglycaemia is a

manifestation of the severity of the underlying illness

ultimately associated with the premature mortality

remains unanswered, and more work needs to be

done in this area. Previous work looking at tight glu-

cose control in the intensive care population (17,18),

or those admitted with acute myocardial infarction

(19), have been conflicting with no current consen-

sus as to whether glucose levels should be controlled,

and if so, what the target glucose range should be

(20). Thus, whilst ‘intuitively’ it would seem sensible

to treat hyperglycaemia in hospitalised patients, there

remains uncertainty as to whether this is of value

given the lack of convincing trial evidence to show

that this is the case (8). Further work on this area, in

particular which groups of hospitalised patients with

hyper- or hypoglycaemia are at greatest risk of dying

needs to be done. Well conducted, randomised clini-

cal trials of treating hyperglycaemia in general medi-

cal inpatients are needed to answer this important

question.

In our institution, we have a ‘speciality triage sys-

tem;’ all patients are assessed in the AMU and then

triaged to the appropriate speciality. Those with

severe hyperglycaemia would typically be triaged to

the endocrine team. As might be expected, many of

these individuals had diabetic ketoacidosis and were

often younger than many others admitted with lower

(but still ‘high’) glucose levels. Thus, as a reflection

of overall mortality in diabetic ketoacidosis, their

overall mortality was not significant, although did

show a trend towards increased mortality when age

was adjusted for (p = 0.07).

Our data have a number of strengths. These

patients represent an unselected cohort and were

admitted under any medical speciality, thus the data

Table 2 Number of patients and the number and percentages of death by each follow-up time point

Blood glucose

(mmol/l)

Number of

patients

Number (%) of

deaths within

28 days

Number (%) of

deaths within

1 year

Number (%) of

deaths within

2 years

< 6.5 488 64 (13.11) 146 (29.92) 166 (34.02)

6.5–7 122 11 (9.02) 28 (22.95) 40 (32.79)

7.1–9 152 22 (14.47) 47 (30.92) 57 (37.5)

9.1–11 64 14 (21.88) 24 (37.5) 27 (42.19)

11.1–20 76 17 (22.37) 29 (38.16) 32 (42.11)

> 20 41 4 (9.76) 12 (29.27) 14 (34.15)
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are very generalisable. In addition, we have 2 years

follow-up data on all the patients who were admit-

ted. There are, however, limitations to our data. As

previously noted only 63% of patients had their

admission blood glucose levels measured, despite the

widespread knowledge that hyperglycaemia is associ-

ated with poorer outcomes. Another limitation of

the study was that we did not have any HbA1c mea-

surements available to us. Thus, we were unable to

know if there were many people in the cohort with

previously undiagnosed diabetes, or what the overall

control was like of those with known diabetes. Those

without diabetes are likely to be the case in only a

small number of people because in a large diabetes

prevention study run in our catchment area, the

prevalence of previously undiagnosed diabetes found

in population screening of ‘at risk adults’ (i.e. over

40 years old with a body mass index over 30 kg/m2)

was approximately 2.3% (Professor Mike Sampson,

Chief Investigator, Norfolk Diabetes Prevention

Study, personal communication). Further limitations

include no data on the severity of the underlying dis-

ease for which the patients were admitted that could

have contributed to the hyperglycaemia or the hypo-

glycaemia. Our work was a retrospective cohort

analysis and we did not look to see what the cause

of death was in those individuals found to be hyper-

glycaemic, thus we were unable to determine whether

the hyperglycaemia was directly related to the cause

of death or not. However, because hyperglycaemia is

common in the general population with diabetes

without sequelae, we believe that it is unlikely that

those with blood glucose levels of between 9.1 and

20.0 mmol/l died directly because of their hyper-

glycaemia, but that it was a consequence of their

underlying condition. When considering the conse-

quences of hypoglycaemia, there are data to show

that very low glucose levels in hospitalised inpatients

are common (21) and there is work ongoing looking

at the causes of why this may be the case – for exam-

ple currently recently published data suggest that

hypoglycaemia is most common between 9 pm and

9 am when food availability is minimal, and carbo-

hydrate snacks that the patient may take at home

may be different (22). Indeed, there are data to show

that the food available in hospital is one of the com-

monest causes of poor satisfaction with overall diabe-

tes care in this population (23). However, the cause

of the increased mortality seen in the acutely unwell

population presenting to the emergency department

with lowest glucose levels needs to be further investi-

gated.

In summary, we have shown that a single blood

glucose measurement taken at the time of acute hos-

pital admission can help to predict 1 year mortality

in an unselected cohort of general medical patients.

Further work, ideally in the form of large rando-

mised clinical trials, need to be done to see if the

dysglycaemia is a cause of premature mortality or a

manifestation of the underlying disease, and whether

intervention and normalisation of blood glucose lev-

els in these individuals makes a difference to short

and long-term outcomes.
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