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Abstract

Aim: To examine the relationship between the levels of HbA1c and hospital admission rates.

Methods: We recorded HbA1c levels of all diabetic patients in Tripoli University Hospital 
over one year.

Results: The mean HbA1c was 8.03%, with no diff erence between males and females. Over 
half of patients (56.5%) were admitted through their diabetes was well-controlled. Over half of the 
patients with type 1 diabetes (57/102, 55.9%) had a high HbA1c at admission compared to 42.1% 
of patients with type 2, who were mainly admitted with HbA1c level within the acceptable range 
set for this study. The HbA1c level was positively and signifi cantly correlated with the length of 
hospital stay (R = 0.93, p = 0.000), and was signifi cantly associated with hyperglycemia, diabetic 
ketoacidosis, coronary artery disease, limb ischemia, cataract, osteomyelitis, and non-alcoholic 
steatohepatitis.

Conclusion: HbA1c is correlated signifi cantly with hospitalization in type 1 diabetes but not 
in type 2.

hospitalization burden, and whether certain complications 
are associated directly with the levels of HbA1c. In this study, 
we studied the relationship between hospitalization duration 
and HbA1c levels in diabetic patients hospitalized for different 
reasons.

Aims and objectives

Our aim was to examine the relationship between 
HbA1c levels and admission rates and identify the speciϐic 
complications linked directly to poor glycemic control.

Methods and design
The data were collected retrospectively from the 

hospitalization records of the medical and surgical 
departments of Tripoli University Hospital. The sample size 
was 1037 patients.

The inclusion criteria were age > 16 years, having diabetes, 
and with an HbA1c measured on or within three months 
before admission. Patients were included regardless of the 

Introduction
People with diabetes are admitted to hospitals more 

frequently than the general population due to poor glycemic 
control and diabetic complications. They also have longer 
hospital stays and higher mortality rates. It has been 
estimated that about one-third of people with diabetes need 
hospitalization two or more times [1,2].

In the acute setting, assessing glycemic control by 
testing serum glucose might be unreliable because of stress 
hyperglycemia. On the other hand, glycated hemoglobin 
(HbA1c) is an indicator of the average blood glucose 
concentrations during the preceding two to three months, and 
so it is a more reliable indicator of the glycemic control status 
and a predictor of diabetic complications and hospitalization 
rates [2,3]. It is a convenient test and a well-known biomarker 
used in clinical practice [4].

It is of interest to study the relationship between 
HbA1c levels of patients with type 1 or type 2 diabetes and 
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cause of hospitalization. As we knew from experience that our 
hospitalized patients are usually elderly and have multiple 
comorbidities, an HbA1c level > 7.5% was considered to 
represent uncontrolled diabetes, as recommended by the 
American Diabetes Association.

Statistical analysis

Descriptive statistics (means and standard deviations, 
and percent frequencies) were calculated using the Statistical 
Package for the Social Sciences (SPSS version 21). Frequencies 
were compared statistically by using the Chi-square test.

Ethics approval: The study protocol was approved by the 
Administration of Tripoli University Hospital.

Results
The 1037 diabetic patients included in the study had a 

mean age of 60.7 years ± 15.14 standard deviation (range 
16-96 years). The male to female ratio was 1.01. Most of the 
patients (90.2%) had diabetes type-2, and over half of them 
(56.5%) had diabetes for longer than 10 years (Table 1).

According to the HbA1c criterion we used to differentiate 
between good and poor glycemic control, diabetes was poorly 
controlled in less than half of the patients (451, 43.5%), but 
the frequencies in males and females were practically identical 
(43.3% and 43.7%, respectively). 

Notably, HbA1c was positively and signiϐicantly correlated 
with the duration of hospital stay (Figure 1). 

There were 44 different causes of admission to the hospital. 
For each cause, we analyzed the frequency of patients with 
HbA1c ≤ 7.0% or > 7.0%. Statistical analysis showed that poor 
glycemic control was positively and signiϐicantly associated 
with  the following admission causes: hyperglycemia, diabetic 
ketoacidosis, coronary heart disease, limb ischemia, and 
cataract (Table 2). None of the other causes of admission was 
signiϐicantly associated with glycemic control (Supplementary 
Table 1).

Discussion
The mean HbA1c level was 8.03% (range 4.4-16.2%), 

and there was no signiϐicant difference between males and 
females. Slightly over half of patients (56.5%) had good 
glycemic control (HbA1c ≤ 7.0%). However, most patients 
with type-1 diabetes had a high HbA1c level (57/102, 
55.9%), in contrast to patients with type-2 diabetes, of whom 
only 42.1% were admitted with a high HbA1c level. This 
indicates that a high HbA1c level could be a better predictor 
of admission for patients with type1 diabetes than for type 
2 diabetes patients. We believe that these results are quite 
reliable as most of the patients had type-2 diabetes (90%) 
and 56.5% of them had diabetes for more than 10 years, 
which makes macrovascular complications the main cause 
of their admission regardless of their HbA1c levels. This is 
also supported by previous randomized controlled trials 
demonstrating that maintaining tight glycemic control does 
not reduce macrovascular complications in elderly patients 
with longer duration of diabetes [5-8]. That is also supported 
by other studies reporting that hospitalization rates were not 
affected by attaining good glycemic control [9]. In that study, 
the highest frequency of hospitalization was due to infection in 
patients with either good (HbA1c 6% - 7%) or poor glycemic 
control (HbA1c 11%).

Table 1: Basic demographic and clinical characteristics of patients.

Age (years)
Mean ± SD 60.7 ± 15.14

Median (range) 62.0 (16-96)

Hospital stay duration (days)
Mean ± SD 6.1 ± 4.58

Median (range) 4.0 (1-51)

HbA1c (%)
Mean ± SD 8.0 ± 1.25

Median (range) 7.4 (4.4-16.2)
n %

Sex 
Male 522 50.3

Female 515 49.7

Diabetes type 
DM 1 102 9.8
DM 2 935 90.2

Duration of diabetes (years)

Newly diagnosed 27 2.6
< 1 16 1.5
1-5 125 12.1
6-10 283 27.3
> 10 586 56.5

Table 2: Causes of hospital admission found to be positively and signifi cantly 
associated with the level of glycemic control.

Hospitalization cause
HbA1c ≤ 

7.5%
HbA1c > 

7.5% Total
X2 p

n % n % n %

Hyperglycemia
No 575 98.1 422 93.6 997 96.1

14.24 0.00
Yes 11 1.9 29 6.4 40 3.9

Diabetic 
ketoacidosis

No 563 96.1 415 92.0 978 94.3
7.81 0.005

Yes 23 3.9 36 8.0 59 5.7
Coronary artery 

disease
No 531 90.7 384 85.2 915 88.2

9.74 0.002
Yes 55 9.3 67 14.8 122 11.8

Limb ischemia
No 561 95.7 417 92.5 978 94.3

5.08 0.024
Yes 25 4.3 34 7.5 59 5.7

Cataract No 569 97.1 432 95.8 1001 96.5 4.18 0.043

R = 0.933 
P = 0.000 

Figure 1: Correlation of HbA1c level with a duration of hospitalization.



Overview of glycemic control among admitted patients with diabetes in Tripoli University Hospital

www.cardiologymedjournal.comhttps://doi.org/10.29328/journal.jccm.1001125 015

Many previous studies demonstrated that hospitalization 
rates and HbA1c levels follow a U-shaped or J-shaped 
relationship, with HgbA1c levels above a certain minimum 
or below a certain maximum being associated with increased 
hospitalization risk, whereas maintaining modest glycemic 
control reduces hospitalization rates. Other studies reported 
a correlation between high levels of HbA1c and adverse 
outcomes and stated that poor glycemic control in patients 
with long-term diabetes increases the risk of hospitalization 
and mortality. A twofold increased risk of mortality in patients 
with high levels of HbA1c has been reported [10,11].

A study from Cambridge University Hospitals NHS 
Foundation Trust showed a non-linear relationship of HbA1c 
and diabetes with vascular-related admissions: with every 
1% increment in HbA1c level above 7.7%, there was a 6.3% 
increased risk of all-cause hospital admission [12].

We found a signiϐicant, positive, linear correlation between 
HbA1c and the length of hospital stay. Our ϐinding is supported 
by studies reporting that hospital stays of six days or more are 
recorded more frequently for patients with an HbA1c level of 
7% or more [1].

Our study also investigated the relationship between 
the causes of admission and the level of HbA1c. Strong 
correlations were found for certain causes, such as metabolic 
disorders, including hyperglycemia and diabetic ketoacidosis. 
High levels of HbA1c and poor glycemic control were also 
associated with coronary artery disease, limb ischemia, 
cataract, osteomyelitis, and non-alcoholic steatohepatitis. The 
association between cardiovascular risk and limb ischemia on 
the one hand and elevated glycosylated HbA1c on the other has 
been conϐirmed in many studies, which showed that an HbA1c 
level of 6% or more is a good clinical predictor of developing 
cardiovascular disease and even death and that HbA1c levels 
of 7.5% or more in people with diabetes are associated with 
more than ϐive times higher risk of being hospitalized with 
the peripheral arterial disease compared with patients with 
controlled diabetes [11,13]. Other observations include a 
link between high HbA1c levels and infection rates (e.g., skin, 
cellulitis, candidiasis, bone, and joints), which tend to rise 
with elevated HbA1c and are the main cause of admission of 
people with diabetes [9,14,15].

Our study is a single-center study, so its ϐindings cannot 
be generalized. Also, its retrospective design makes it prone 
to bias and missing data. In addition, we were unable to 
control for the accuracy of the HbA1c tests as they were done 
in different labs due to a shortage of resources. Moreover, 
we could not exclude false high HbA1c values due to anemia, 
as many patients included in this study had iron deϐiciency 
anemia, and also due to stress hyperglycemia, which is 
encountered frequently in inpatients. Other factors that 
can affect the sensitivity of the HbA1c test are abnormal 
hemoglobin kinetics and possible blood transfusion, the latter 
of which cannot be excluded.

Conclusion
HbA1c correlated signiϐicantly with hospitalization in 

type-1 but not in type-2 diabetes. HbA1c measurement policy 
for hospitalized patients with diabetes mellitus is crucial as 
it is a predictor of readmission rate, especially in people with 
type 1 diabetes. 
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