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Abstract

Background: Hyperglycemia is treatable and preventative cause 
of both microvascular and macrovascular complications in persons 
with type 2 diabetes mellitus (T2DM). Hyperglycemia is unequivo-
cally associated with poor outcomes especially in hospitalized pa-
tients. The aim of this study therefore is to measure the occurrence of 
hyperglycemic events particularly in patients with T2DM requiring 
acute care and subsequent hospitalization with or without hyperten-
sion and describe the epidemiological features.

Methods: An incident case study design was used, i.e. adult patients 
(≥18 years) with hyperglycemia presenting to the accident and emer-
gency department (AED) of a tertiary teaching hospital from 2011 to 
2013 were recruited for the study.

Results: Overall, 350 participants satisfied the criteria for entry into 
the study. All 350 patients were available for analysis. The pattern 
of hyperglycemia was predominantly among women, younger rather 
than older adults, and was a significant association with duration of 
diabetes and also a significant temporal association.

Conclusions: The patterns shown in the research indicated that hy-
perglycemia is a concern particularly for the over 40 years old East 
Indian cohort of the population and as a result programs and initia-
tives should be directed to this group in order to make a meaningful 
impact as we seek to reduce the burdens associated with this condi-
tion.

Keywords: Type 2 diabetes mellitus; Hyperglycemia; Seasonal vari-
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Introduction

Type 2 diabetes mellitus (T2DM) is an independent risk factor 
for coronary heart disease and stroke, both ranked in the five 
leading causes of death in Trinidad [1, 2]. The proportional 
mortality ratio for T2DM is 15.8%, with an age-adjusted mor-
tality ratio of 118.3 per 100,000 population, the second highest 
in the world [3, 4]. Microvascular and macrovasular complica-
tions are the essential contributors to morbidity and mortality 
in persons with T2DM. In fact, compared with non-diabetic 
individuals, a person with T2DM has a two- to fourfold in-
creased risk of dying from a myocardial infarction [1, 5] or 
stroke [5, 6], and a 10- to 15-fold increased risk of a lower 
limb amputation [7, 8]. It is well established that hyperglyce-
mia is both the major initiator and treatable cause of diabetic 
microvascular complications (e.g., retinopathy, neuropathy, 
and nephropathy). Also macrovascular complications such as 
ischemic heart disease, cerebrovascular disease and peripheral 
vascular disease are also common in patients with T2DM and 
contribute significantly to morbidity [9]. Further controlled 
clinical trials have shown that maintaining a hemoglobin A1c 
(HbA1c) below 7.0% can prevent the development and pro-
gression of neuropathy, nephropathy and retinopathy in pa-
tients with either type 1 or T2DM [9].

Several explanations have been proposed to explain how 
hyperglycemia can produce the neural and vascular derange-
ments that are distinctly associated with diabetes. These expla-
nations include both the toxic effects of hyperglycemia and its 
pathophysiological derivatives such as oxidants, hyperosmo-
larity, or glycation products on tissues directly, as well as the 
sustained alteration in cell signaling pathways such as changes 
in phospholipids or kinases induced by the products of glucose 
metabolism.

Hypertension is common among people with DM [10]. 
The close association between diabetes and hypertension may 
be attributed to underlying obesity, insulin resistance, and/
or hyperinsulinemia [10-12]. Hyperglycemia itself may also 
cause changes in vascular function and structure that lead to 
hypertension [13, 14]. Furthermore, hypertension is also an 
important contributor to both the microvascular and the mac-
rovascular complications of diabetes [15, 16].

Detailed representative data describing hyperglycemia 
can have several benefits. Paramount among these benefits is 
identifying undiagnosed T2DM. In the United States, it is es-
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timated that there are presently 8 million diabetics who are 
unaware of their condition [17]. This alarming number raises 
the controversial issue of screening. A recent review summa-
rizing a consensus statement by the USPSTF (US Preventive 
Services Task Force: Screening for Type 2 Diabetes Mellitus) 
reported that diabetes screening did not reduce mortality in a 
population followed for 10 years [18]. However, Herman and 
colleagues reported that a 6-year delay in diagnosis would in-
crease the 10-year risk for cardiovascular events by 29% [19]. 
The other benefits include informed approaches to individual-
izing glycemic targets. In addition, identifying patients at risk 
of developing hyperglycemia requiring admission to an AED 

and/or subsequent hospitalization can lead to the development 
and implementation of prevention strategies, which in the long 
term can reduces hospital admissions and health care costs. 
Such strategies may include better access to medical care, 
proper patient education, and effective communication with 
health care providers. In this regard, patients utilizing accident 
and emergency department (AED) services provide a source of 
high quality data.

The aim of this study therefore is to measure the occur-
rence of hyperglycemic events requiring emergency care and 
subsequent hospitalization, particularly in patients with T2DM 
with or without hypertension and describe the epidemiological 

Table 1.  Patients Admitted With Hyperglycemic to the AED by Year, Gender, Age Ethnicity and Marital Status

Characteristics 2011 2012 2013
No. of cases n (%) n (%) n (%)
  Male 56 49 38 33 48 40
  Female 59 51 78 67 71 60
  Total 115 -100 116 -100 119 -100

Male Female Male Female Male Female
Age n (%) n (%) n (%) n (%) n (%) n (%)
  10 - 19 1 2 0 0 0 0 0 0 0 0 0 0
  20 - 29 2 4 3 5 3 8 2 3 3 6 5 7
  30 - 39 4 7 5 8 5 13 9 12 7 15 8 11
  40 - 49 5 9 7 12 7 18 15 19 10 21 12 17
  50 - 59 16 29 20 34 11 28 21 27 12 25 16 23
  60 - 69 19 34 14 24 8 21 24 31 14 29 21 30
  70 - 79 9 16 8 14 5 13 6 8 2 4 6 8
  ≥ 85 0 0 2 3 0 0 1 1 0 0 3 4
  Total 56 59 38 78 48 71

Ethnicity Male Female Male Female Male Female
n (%) n (%) n (%) n (%) n (%) n (%)

  SEA 40 67 36 45 30 79 43 70 37 77 53 75
  African 8 11 14 18 6 15 28 21 5 10 13 18
  Mixed 8 11 8 10 2 5 7 9 6 13 5 7
  Other - - 1 1 - - - - - - -
  Total 56 59 38 78 48 71

Marital status Male Female Male Female Male Female
n (%) n (%) n (%) n (%) n (%) n (%)

  Single 10 25 12 23 16 31 29 30 18 38 21 30
  Married 20 58 26 50 16 51 28 44 22 47 36 51
  Common 
law

13 10 14 13 4 14 17 19 6 13 11 16

  Other 13 8 7 13 2 4 4 6 2 2 3 3
  Total 56 59 38 78 48 71
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features for the period 2011 - 2013.

Methods

The medical records of all adult patients admitted to the 
Sangre Grande General Hospital, a community teaching 
hospital of the Eastern Regional Health Authority, were re-
viewed, from January 1, 2010 to December 31, 2012. The 
hospital (UH) is a 60-bed teaching hospital attached to the 
University of the West Indies and the main tertiary care facil-
ity of the Eastern Regional Health Authority (ERHA). Trini-
dad is divided into four administrative regions for the purpose 
of delivering of health care. The ERHA delivers care to the 
eastern half of the island. The AED operates a 24 × 7 service, 
receiving referrals from both the private and public health 
care facilities. All adult patients (≥ 18 years) with hyperglyce-
mia presenting to the AED of the UH with clinical evidence of 
hyperglycemia were eligible for entry into the study. Hyper-
glycemia is defined as a random glucose level above 180 mg/
dL as recommended by the American Association of Clinical 
Endocrinologist (AACE) and the American Diabetes Asso-
ciation (ADA) [20, 21]. In addition, a hyperglycemic crisis 
is defined as plasma glucose ≥ 250 mg/dL and urine + for 
ketones [22]. In this regard, a 5 mL specimen of whole blood 
was withdrawn from each patient using a venous access in the 
hand or antecubital fossa. The specimen was analyzed using 
an automated technique. In addition, non-comatose patients 
were asked to pass urine, which was tested for ketone bodies 
using a dipstick method. Patients currently using drugs that 
affect carbohydrate metabolism leading to hyperglycemia, 
such as corticosteroids, thiazides, sympathomimetic agents, 
and pentamidine, were excluded from the study [23]. In addi-
tion, all patients currently using antipsychotic drugs were also 
excluded from the study. Hyperglycemia with a significant 
increased risk of hospitalization has been reported in patients 
with diabetes, using antipsychotic drugs [24-27]. Appropri-
ate demographic data and clinical presentation were collected. 
Trained registered nurses in the AED measured BP in accord-
ance with the American Heart Association guidelines using 
an automated sphygmomanometer. Hypertension is defined 
using the JNC 8 classification of hypertension [27]. Costs as-

sociated with laboratory and radiologic investigations, as well 
as pharmaceutical preparations including intravenous therapy, 
were collected. The costs for room and board (including ser-
vices such as laundry, nutrition, nursing, and housekeeping) 
are calculated using the “per diem method”, in which each 
day of hospitalization is assigned a cost determined by the 
Ministry of Health.

All data were expressed as mean ± SD. Significance was 
set at a P ≤ 0.05. Statistical analysis included the Wilcoxon 
rank scores test for non-parametric distributions, ANOVA and 
χ2. Data were analyzed using SPSS-PC vs 12 for Windows 
(SPSS Inc., Chicago, IL, USA). The University of the West 
Indies Ethics Committee approved the study.

Results

Over the period 2011 - 2013, 350 eligible patients who met 
the entry criteria were available for analysis. The majority of 
patients (230, 65.7%) after initial stabilization in the AED re-
quired hospital admission. An analysis of all-cause hospital 
admission rate from the AED was 7.5 per 1,000 admissions 
annually. However, patients with T2DM and hyperglycemia 
accounted for a third of all admissions with a hospital admis-
sion rate of 2.8 per 1,000 admissions annually. Baseline char-
acteristics of the 350 patients showed that there were more 
women (204, 59.4%, f/m 1.4:1) than men (142, 40.6%) (Table 
1). However, there was significant (P < 0.001) gender disparity 
in 2012 and 2013. The mean age was 57 years (SD: 5 years) 
while the inter-quartile range was 56 years. Only 4.5% (16) 
of patients were newly diagnosed with T2DM, i.e. presenting 
for the first time with hyperglycemia. The majority of patients 
(36%, 126) had T2DM for 6 - 10 years and seven (2%) had 
long standing T2DM (> 20 years). The population of Trinidad 
consists of two major diaspora South East Asians (SEA) and 
Africans both representing approximately 35% of the popu-
lation respectively. There was a significant (P < 0.05) ethnic 
disparity between SEA (72%, 95% CI 64 - 80) and Africans 
(17%, 95% CI 12 - 23). The majority of AEV (166, 47.4%) oc-
curred in a window between 600 and 1,000 h. The remaining 
184 patients presented almost evenly during all other times. 
The majority of patients were ambulatory; however, only four 

Table 2.  Random Blood Glucose on Admission to AED by Age in All Patients With a Hyperglycemic Event, 2011 - 2013

Blood glucose (mg/dL) 180 - 250 251 - 320 321 - 390 391 - 460 461 - 530 531 - 600
Age n (%) n (%) n (%) n (%) n (%) n (%) Total
  18 - 29 1 (0.29) - - - - - 1
  30 - 39 9 (2.57) 4 (1.14) - - 3 (0.86) - 16
  40 - 49 43 (12.29) 10 (2.86) 5 (1.43) 3 (0.86) 2 (0.57) - 63
  50 - 59 23 (6.57) 34 (9.71) 32 (9.14) 20 (5.71) 15 (4.29) - 125
  60 - 69 27 (7.71) 12 (3.43) 23 (6.57) 26 (7.43) 2 (0.57) 1 (0.29) 91
  70 - 79 25 (7.14) 4 (1.14) 5 (1.43) 4 (1.14) 2 (0.57) 2 (0.57) 42
  80 - 89 2 (0.57) 2 (0.57) 2 (0.57) 3 (0.86) 3 (0.86) 1 (0.29) 12
  Total 130 (37.1) 66 (18.9) 67 (19.1) 56 (16.0) 27 (7.7) 4 (1.1) 350
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(1.1%) patients had a Glasgow coma score of < 7. On admis-
sion, all patients had a random plasma glucose assessment. 
Based on random blood plasma glucose on admission to the 
AED, almost two-thirds (220, 63%) of the patients were pre-
senting in a hyperglycemic crisis (Table 2). It was interesting 
to find that at age of 60 years, the number of hyperglycemic 
events declined with age.

Hyperglycemic events were plotted over time in months 
in order to determine seasonal effects (Fig. 1). We defined 
seasonal variation as cyclic changes in disease occurrence or 
disease severity over the course of a calendar year [28, 29]. 
We hypothesize that there was an increase in the number of 
cases in February compared with the remainder of the year. 
Occurrence was measured as a count of cases per unit of time 
although population data were available. The outcome meas-
ure was the peak-to-low ratio, interpreted as a measure of rela-
tive risk (RR) that compares the month with the highest inci-
dence (peak) with the month with the lowest incidence (low 
or trough). To conduct this analysis, we used the freely avail-
able programmed spreadsheet, Episheet [30], which provides a 
graphical presentation of seasonal variation, and estimates the 
time of the peak, the peak-to-low ratio, and a confidence in-
terval for the latter. Hence we established a seasonal variation 
with the time of the peak in February, and the peak-to-low ratio 
was 4.6 (95% CI 2.1 - 9.4). In addition, the statistical pack-
age SPSS version 12.0 for Windows was used to develop an 
autoregressive integrated moving average (ARIMA) model to 
forecast hyperglycemic events for 2014 (Fig. 1) [31, 32]. The 
ARIMA model was analyzed with the Box-Jenkins approach, 
a useful tool for analyzing non-stationary time-series data con-
taining seasonal trends [33].

Using the new JNC 8 classification, 192 (59%) patients 
also had uncontrolled hypertension (> 140/90). In addition, 
25% of patients presented with anemia (Hb < 10 g/dL) and 
18% with tachycardia. It was also interesting that < 1% of all 

the admissions was associated with sepsis.

Discussion

There are several important findings of this study. Primarily 
350 patients with hyperglycemia were seen and treated in the 
AED over the period 2010 - 2013, with only 4% attributed to 
new onset diabetes and 1% to infection. Two-thirds of these 
patients were subsequently transferred from the AED to hospi-
tal for further care. Thus it is emphasized that hyperglycemia 
continues to be a significant burden on health care facilities in 
Trinidad, a small developing country. Hyperglycemia in hos-
pitalized patients, irrespective of its cause, is unequivocally 
associated with adverse outcomes [34-43]. Lebovitz reports 
that recent evidence has accumulated, indicating that isolated 
postprandial hyperglycemia (i.e., 2-h postprandial levels > 140 
mg/dL and fasting levels < 110 mg/dL) is common and is an 
independent clinically significant risk factor for CVD [44]. 
Prospective epidemiologic studies [45-50] have illustrated a 
correlation between the risk for CVD and either plasma glu-
cose levels or HbA1c values.

In contrast, in some developed countries, the increasing 
intensity of diabetes management driven by a wider array of 
available drugs and strategies has resulted in reduced hyper-
glycemic emergency rates but higher hypoglycemic rates [51]. 
Apart from being preventable, the majority of patients (194, 
96%) had long standing T2DM (6 - 10 years). Glycemic con-
trol is significantly associated with age, race/ethnicity, duration 
of diabetes, type and number of medications taken, obesity, 
psychological variables, and family support [52-63]. In addi-
tion, poor medical care, lack of education, non-compliance of 
patients or access to care problems all contribute to poor gly-
cemic control, all of which are relevant to resource poor coun-
tries. The AACE/American College of Endocrinology Diabe-

Figure 1. Time series of number of cases of hyperglycemia by month for the years and the forecast for 2014. 
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tes guidelines has responded to this problem by providing an 
algorithm to assist primary care physicians, endocrinologists, 
and others in the management of adult, non-pregnant patients 
with T2DM [64]. Developing countries may also consider 
adopting this approach.

Another important finding of the study was the significant 
difference (P = 0.001) in the occurrence of hyperglycemic 
events among women (204, 59.4%, f/m 1.4:1) compared with 
men (142, 40.6%). Other studies suggest a gender disparity 
of 10-15%, women being the dominant group [65, 66]. The 
under-recognition of the risk of hyperglycemia in women with 
T2DM may lead to less effective prevention, clinical care, and 
outcomes. Furthermore, self-awareness in women and identifi-
cation of gaps in attaining glycemic control needs more atten-
tion, which should result in better prevention of hyperglycemic 
events.

In order to estimate the cost associated with hyperglyce-
mic events, we first calculated the average duration of hospi-
talization, i.e. 3 days. This translated into a 27% bed utilization 
rate on the medical wards during the study period. Using the 
estimated per diem cost for the treatment of T2DM provided 
by the Ministry of Health, the cost associated with treating hy-
perglycemia for the study period was 1.5 million (USD). This 
cost did not include treatment for comorbidities and was not 
adjusted for yearly inflation. The cost to the patient including 
intangible costs (pain, anxiety, inconvenience and generally 
lower quality of life, etc.) and reduced productivity was not 
calculated. Nevertheless, this estimate highlights the economic 
burden of treating just one aspect of diabetes in small develop-
ing economy, and necessitates immediate action.

We demonstrated for the first time in a Trinidadian popu-
lation a temporal association of hyperglycemic events requir-
ing AED visits. In the first instance approximately 50% of the 
patients presented during the period 600 and 1,000 h. This 
observation is in agreement with previous reports on circa-
dian glucose profile [67, 68]. These excessive post-breakfast 
glucose excursions may correspond to the so-called “extended 
dawn phenomenon”, which is characterized by the fact that 
the glucose tolerance is worse in the early morning than at any 
other time of the day [69]. The dawn and extended dawn phe-
nomena behave conjointly since they depend on an increase 
in both hepatic glucose output/neoglycogenesis and peripheral 
insulin resistance in the early morning period [70, 71], which 
if accumulated over time may lead to a hyperglycemic crisis. 
In addition, we established a seasonal variation in hypergly-
cemia events (peak-to-low ratio 4.6, 95% CI 2.1 -9.4). Lang 
showed that in patients with diabetes receiving treatment, the 
blood pressure, preprandial glucose, A1C, and LDL cholester-
ol varied seasonally, with higher values in the winter and lower 
values in the summer. Specifically preprandial glucose was in-
versely correlated with the monthly mean climate temperature 
[72]. Trinidad is situated at longitude 61° and latitude 11°, and 
is a tropical island with marginal variations in temperature and 
hence with serum 25-hydroxyvitamin D3. Contrary to Lang, 
the most likely explanation in our setting my in fact be attribut-
ed to festivals influencing patient lifestyle. Trinidad is a multi-
religious society; however, Christians represent approximately 
50% of the population. Christmas is a very popular celebration 
with two consecutive public holidays. Traditional foods pre-

pared at this time consist mainly of carbohydrates (breads and 
pastels), pastry (black cake) and sugar sweetened beverages 
(sorrel). Christmas is immediately followed by another major 
celebration Carnival, also spanning 2 days. Alcohol consump-
tion is also increased at these times. Therefore, both festivals 
may play a role in the results of this study.

To our knowledge, prior studies have not evaluated na-
tional trends in both hyperglycemic and hypoglycemic compli-
cations of T2DM. The patients we studied did not have good 
glycemic control, as indicated by their HbA1c, and therefore 
may be more likely to be part of the study.

We focused on events that were chiefly responsible for 
hospital admissions, and some hyperglycemic events may be 
minor and easily reversible in a primary care setting. Hence 
we may have underestimated the true occurrence of hypergly-
cemia. Our analyses have several additional limitations. We 
were unable to fully account for trends in T2DM prevalence 
over time or explicitly define the denominator of patients with 
T2DM, but our intent was to describe the overall burden of 
these hospitalizations on the health care system.

In conclusion, hospital admission rates for hyperglycemia 
from 2010 to 2013 are high and efforts to reduce these hospi-
talizations, especially among woman and younger adults, are 
urgently needed.
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