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Abstract

Objectives: To investigate whether younger patients with type 2
diabetes mellitus have higher glycated hemoglobin Alc (HbA1lc)
levels compared to older patients, and to determine the factors
associated with higher HbAlc levels.

Methods: Data from 1,266 patients from all over Oman were
used to obtain the mean HbA1c level, odds ratios (OR), and 95%
confidence intervals (CI) from multiple logistic regression models
with age groups, sex, duration of diabetes, diabetes treatment, body
mass index, estimated glomerular filtration rate (eGFR), tobacco
use, and healthcare index as predictors of good (HbAlc <7%) vs.
poor (>7%) glycemic control.

Mean HbAlc levels were 8.9, 8.3, and 7.8 in the age
groups 20-39, 40-59 and 60+ years, respectively. After controlling

Results:

for all other covariates, the OR of good glycemic control increased
with age, 40-59 years old (OR=1.7; 95% CI 1.1 to 2.6) and 60+
year (OR=2.5; 95% CI 1.6 to 4.0), female gender (OR=1.5; 95%
CI 1.2 to 2.0) and in patients with eGFR >60 mL/min/1.73 m?
(OR=1.9; 95% CI 1.1 to 3.3). Longer duration of diabetes (>5
years) and treatment with oral agents or insulin were inversely
related to good glycemic control.

Conclusion: Younger Omani adults exhibit worse glycemic levels
compared to older adults posing a formidable challenge to diabetes

care teams.
Keywords: Diabetes; Oman; HbAlc; Epidemiology.
Introduction

The burden of type 2 diabetes mellitus (T2DM) is on the increase
wortldwide, affecting more than 8% of the global adult population.'

Projections for the year 2030 estimate T2DM to affect nearly 10%
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of the world's population. In Oman, three epidemiological surveys
have shown diabetes prevalence to have increased from 9.6% in
1991 to 11.6% in 2000 and 12.3% in 2008.** Currently, there are
over 60,000 patients registered on the National Diabetes Register
in Oman, with ~5000 new cases being diagnosed each year.” Most
of the increase in the number of registered cases between 2000-
2009 in Oman is observed in the 40-59 years compared to 20-39
or 60+ years.” A similar trend is seen globally where the greatest
number of people with diabetes are between 40 to 59 years of age.!

The risk of diabetic complications in patients with T2DM is
strongly associated with the level of glycemia. Tighter glycemic
control is shown to reduce the risk of microvascular and perhaps
macrovascular complications of diabetes.® Glycated hemoglobin
Alc (HbA1lc) has been used by clinicians as the gold standard to
measure patients glycemic control over the previous 2-3 months.’
It enables them to make treatment decisions to achieve favorable
diabetes control with the aim of reducing or avoiding complications
associated with hyperglycemia. However, some studies have
suggested that younger people have higher levels of HbAlc
compared to older adults with diabetes.®® This cross-sectional study
investigates whether younger Omanis with T2DM exhibit higher
levels of HbAlc in a nationally representative sample, and if so,
determine whether this is independent of age, sex, type of treatment,
duration of diabetes, body mass index (BMI), glomerular filtration

rate, tobacco use, and healthcare index.
Methods

The sample for this study was a subset of a database collected to
determine the level of diabetes control and cardiometabolic risk
factors in Omani patients with T2DM in 2007. A two stage cluster
sampling technique was employed in which primary healthcare
(PHC) facilities were considered as clusters-primary sampling
units (PSU). PHC centres with less than 20 registered diabetic
patients were excluded and clusters were classified into strata based
on number of registered diabetic patients (denoting size of each
cluster). Subsequently, 16 clusters were chosen from a total of 126
eligible clusters from 8 strata. All patients in the selected cluster
were included in the study (n=2,551). In this subset, patients aged
20 years and above being followed up in PHC centres and with
non-missing data for all variables used in this analysis were selected
(n=1,266).

Data collection was limited to the period from January to

December 2007. Diabetes registers (represented by hardcopy
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records which trace summary of patients’ clinical parameters at
initial diagnosis and each subsequent annual visit) and computer
frameworks, where available, were used to complement data
collected from patients’ case notes. Data were collected mainly by
the clinic nurse and supervised by the physician conducting the local
diabetes clinic. The data collection phase was completed by 2008.
Ethical approval was obtained from the National Research and
Ethical Committee at the Ministry of Health.

Collected variables included patients’ age, sex, height, weight,
tobacco use, medication intake, duration of diabetes, results of
urinary dipsticks for protein, and albumin-to-creatinine ratio,
(Table 1). Further, data on the frequency of visits, blood pressure,
and weight measurements per patient per year were also collected.
Fundus eye examination with or without pupillary dilatation,
existence of lipid profile, and existence of an electrocardiogram
(ECQ) were also noted.

Age was categorized into three groups (20-39) vs. (40-59, and 60
years or above). Body mass index (calculated as weight in kilograms
divided by the square of height in meters [Kg/m?]) was categorized
as normal (BMI <25 Kg/m?) vs. overweight (BMI 25<30 Kg/
m?) and obese (BMI >30 Kg/m?). Diabetes was diagnosed as
recommended by the American Diabetes Association’s Guidelines.'
Duration of diabetes was categorized as <5 vs. >5 years, Treatment
types were recorded as diet control (no medication intake) vs. oral
agents, insulin, or insulin with oral agents. The last two categories
were combined for the purpose of analysis. HbA1c was measured in
hospital nearest to the primary healthcare centres using Hitachi 911,
912, or 902 automated chemistry analyzer (Boehringer Mannheim)
in 95% of selected centres and Synchron CX5 biochemistry
analyzer (Beckman Coulter) in 5% of centres. Both machines were
used as per the instructions and proprietary reagents supplied by
the manufacturers. No attempt was made to standardize any of
the machines used in such measurements. Estimated glomerular
filtration rate (eGFR) was calculated using the Modification of Diet
in Renal Disease (MDRD) study equation,' and this was coded as
<60 vs. 260 mL/min/1.73m? Tobacco use was dichotomized into
(nonsmoker/nonuser) vs. users (defined as those who smoked or
used tobacco during the year of the study in 2007).

Healthcare index (HCI) was constructed using frequencies of
outpatient visits, weight, and blood pressure measurements within
the year of the study (all three categorized in relation to the median
for the three variables [<6 vs. >6 per patient per year]). In addition,
4 selected outpatient department procedures were included in
HCI such as annual fundus examination with pupillary dilatation
vs. without dilatation and coded as (yes/no); measurement of
proteinuria in urine by dipstick strips (negative/positive) or urine
albumin-to-creatinine ratio (ACR) >2.5 mg/mmol for men and
>3.5 mg/mmol for women vs. complement of the two cut-points
(coded as yes/no)."* Lipid profile measurements and availability of
electrocardiogram was coded as (done/not done). Each of the HCI
components was given equal score of 1 if the OPD procedure was
done or frequency of OPD procedures was > median of 6, and 0 if
not done or if the measurement was below the median. The total

HCI score for each subject was calculated as the sum of individual

scores which thus varied from 0 to 7. The latest HbA1c level, plus
two earlier readings if available within 2007, were recorded. The
average of the three readings was dichotomized as good (<7%) vs.
poor (27%) glycemic control (coded as 1 and 0, respectively) and

used as dependent variable in the analysis.

Table 1: Selected demographic, clinical, and out-patient procedures
of 1,266 patients with type 2 diabetes mellitus, Oman, 2007.

Characteristic Mean + SD or n (%)
Age 533 + 115
Sex

Men 570 (45.0)

Women 696 (55.0)
Duration of Diabetes 47+3.8

<5 years 683 (53.9)

>5 years 583 (46.0)
BMI 30.1 £5.7
HbA1lc 82+20

<7% 405 (32.0)

>7% 861 (68.0)
Tobacco Use

Yes 71 (6.0)

No 1,108 (94.0)
Treatment Type

Diet 102 (8.1)

Oral agents 1,003 (79.2)

Insulin + oral agents 161 (12.7)
¢GFR

>60 (mL/min/1.73m?) 1,152 (91.6)

<60 (mL/min/1.73m?) 106 (8.4)
Healthcare Index Factors
No. of OPD consultation

<6 416 (32.9)

>6 850 (67.1)
No. of BP measurements

<6 371 (29.3)

>6 895 (70.7)
No. of weight measurements

<6 592 (46.8)

>6 674 (53.2)
Funds examined with dilated pupils

Yes 1,004 (79.3)

No 262 (20.7)
Proteinuria

Yes 1,170 (92.4)

No 96 (7.58)
Lipid profile

Yes 1,170 (92.4)

No 96 (7.6)
ECG

Yes 1,163 (91.9)

No 103 (8.1)

Data presented as meant SD or n (%); Glycated hemoglobin (HbAIc); body
mass index (BMI); Estimated glomerular filtration rate (eGFR).
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As for statistical analysis, data were entered in EPINFO (version
6, CDC, Atlanta, GA). Means of HbAlc for each age group vs.
other covariate is presented using the “table” command in Stata
(version 11, Stata Corporation, TX, USA). Nonparametric trend
test for ordered groups was used to test for significance of trends
in the means of HbA1c in each age stratum and selected covariate.
ANOVA was used to assess group difference. Backward stepwise
logistic regression analysis with HbAlc as dependent variable
was used to obtain odds ratio (OR) and 95% confidence intervals
(CI) for factors which may influence HbA1c level. Covariates were
entered in the full model (age groups, sex, duration of diabetes,
diabetes treatment, BMI, eGFR, tobacco use, and HCI). To obtain
a final model, independent variables were excluded from the model,
one at a time, based on their statistical significance in the model. The
model’s goodness-of-fit (which assesses whether the observed and
expected frequencies match) was tested using Hosmer-Lemeshow's

test. A value of p<0.05 was considered statistically significant.
Results

Of the total 1,266 individuals, 696 (55%) were women. The mean
+(SD) of patients' age was 53.31(11.5), the mean duration of
diabetes was 4.7+(3.8) and the mean BMI was 30.1+(5.7), (Table
1). The overall mean HbAlc was 8.2£(2.0). Thirty-two percent
of patients had HbAlc levels within the American Diabetes
Association recommendations for good glycemic control (<7%).
The majority of patients were on oral hypoglycemic agents (79%)
and had eGFR of 260 mL/min/1.73m? (91%). Diabetes healthcare
factors ranged from 53% for taking weight measurements to 82%
for testing proteinuria, lipid profile, and obtaining an ECG.

The youngest adults had significantly higher mean HbAlc
(p=0.001), (Table 2). There was a statistically significant difference
in the mean HbA1lc between the three age groups in subjects with
>5 years of diabetes, on oral hypoglycemic agents, and with BMI
in the range of overweight or obesity. A similar relation was seen in
subjects with HCI score of 5-7, with eGFR >60 mL/min/1.73m?
and those who did not use tobacco (in all p=0.001). Patients with
normal BMI, treated with diet or insulin and with HCI score of <5
did not show significant trend in the mean HbA1c towards younger
age groups (p>0.05).

Obesity and overweight were more prevalent among patients
aged 40-59 years compared to patients aged <40 or >60 years
(p<001; data not shown). An inverse relation between mean
HbA1c and each age group (20-39,40-59 and >60 years) regardless
of the duration of diabetes was observed. Overall, individuals with
>5 years of diabetes had higher mean HbA1c levels compared to
those who had diabetes for <5 years.

Both the full and the final multivariate logistic regression
models with HbA1c as dependent variable and odds ratio for each
covariates are shown in Table 3. In the full model (all covariates
included), the odds ratio of good glycemic control was significantly
increased with increasing age group, female gender and eGFR

>60 ml/min/1.73m? Conversely, the odds ratio of good glycemic
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control reduced with increasing duration of diabetes (OR=0.8;
95% CI 0.6 to 0.9), overweight (OR=0.9; 95% CI 0.6 to 1.3) and
obesity (OR=0.8; 95% CI 0.6 to 1.2). Interactions terms for age and
sex, sex and tobacco use and sex and treatment type were examined
in the initial model but none were found significant and thus were
excluded from the final model.

The final model (included only statistically significant
variables) to predict HbAlc consisted of age, sex, duration of
diabetes, treatment type and eGFR. After controlling for all other
covariates, the odds ratio of good glycemic control was increased
with increasing age; in 40 59 years old (OR=1.7; 95% CI 1.1 to
2.6) and 60+ years (OR 2.5; 95% CI 1.6 to 4.0) compared to 20-39
years (OR=1, reference category). Similarly, the odds ratio of good
glycemic control was increased in women (OR=1.5, 95% CI 1.2
to 2.0) compared to men (OR=1; reference group) and in patients
with eGFR >60 (OR=1.9; 95% CI 1.1 to 3.3) compared to those
with eGFR <60 mL/min/1.73m? On the other hand, the odds
ratio for patients with longer duration of diabetes (=5 years) and
those on oral agents or on insulin treatment was inversely related to
good glycemic control compared to patients with shorter duration
of diabetes or on diet respectively, (Table 3). The final model’s
Hosmer-Lemeshow’s goodness-of-fit p-value was 0.378, indicating

good fit of the model.
Discussion

This study showed an inverse relationship of good glycemic control
with age among Omanis with T2DM after adjusting for gender,
duration of diabetes, treatment type, eGFR, healthcare index, BMI,
and tobacco use. Other studies reported a similar relationship
between HbAlc and age,”® which persisted even after 5 to 12
months follow-up.? Gilliland et al.”® proposed that this could be due
to either “cohort effect” where various age groups represent different
birth cohorts and same differences would continue as cohorts
age. Alternatively, it could be due to “developmental effect” where
cohorts mature and their glycemic control improves as they age. The
former concept is favored as HbA1c deteriorates with time, (Fig. 1).
However, follow-up studies are more likely to clarify this effect than

cross-sectional studies like the current one.
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Figure 1: Mean HbAlc levels by age groups and duration of

diabetes. Error bars represent standard deviation (+SD).
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Table 2: Mean HbA1c levels by age and covariates among 1,266 patients with type 2 diabetes mellitus, Oman, 2007.

Age group (Years) 20-39 40-59 60+ p for trend
Overall

N 173 750 343

% Male 42.2 41.2% 54.8 0.01
mean HbAlc + SD 89+2.2 83 +2.0 7.8 + 1.8 0.001
Duration of diabetes

mean duration 4429 4.8 £3.5 5.4 t+4.5 0.007
<5 years 120 394 169

mean HbAlc £ SD 8.8 +2.2 8.0 £1.9 7.8 £1.8 0.002
>5 years 53 356 174

mean HbA1c + SD 9.0 £2.2 8.5 £2.1 7.9 1.7 0.001
Treatment

Diet 11 62 29

mean HbAlc £ SD 7.8 £2.7 6.6 £1.1 6.3 +0.9 0.127
Oral medication 128 599 276

mean HbA1c + SD 8.8 +2.1 8.2 +£2.0 7.8 £1.7 0.001
Insulin 34 89 38

mean HbAlc + SD 9.5 +2.3 9.6 +2.1 9.1 +1.6 0.253
BMI

<25 Kg/m? 17 101 72

mean HbA1c + SD 8.8 +2.5 8.2 £2.2 7.8 +1.8 0.15
25 t029.9 Kg/m* 48 302 155

mean HbA1lc + SD 8.5 +2.0 8.2 £2.0 7.9 £1.9 0.019
>30 Kg/m? 108 347 116

mean HbA1c + SD 9.0 +2.2 8.3 £2.0 7.8 £1.6 0.001
Healthcare Index

0-4 61 237 110

mean HbA1lc £ SD 94 +2.3 8.0 £1.9 7.9 £1.8 0.29
5-7 112 513 233

mean HbA1c + SD 8.5 +2.1 8.4 £2.1 7.8 £1.7 0.001
¢eGFR

<60 (mL/min/1.73m?) 1 41 64

mean HbA1lc £ SD 6.3 +* 8.8 +1.8 8.1+19 0.029
>60 (mL/min/1.73m?) 169 706 277

mean HbAlc + SD 8.9 £2.2 8.2 £2.0 7.8 +1.7 0.001
Tobacco use

Non-users 148 657 303

mean HbAlc + SD 8.6 +2.0 8.2 £2.0 7.8 £1.8 0.001
Users 12 39 20

mean HbA1lc + SD 9.6 +2.2 8.5 £2.0 8.1+1.5 0.22

Numbers represent individuals in each category and their means+ standard deviation (£SD); BMI: body mass index; eGFR: estimated glomerular filtration rate.

Table 3: Odds ratios of good glycaemic control in multivariate logistic regression used to predict HbAlc (dependent variable) in 1,266
individuals with type 2 diabetes mellitus (adjusting for all shown independent variables) Oman, 2007.

Characteristic Full model Final Model
OR (95% CI) p value Odds Ratio p value

Age (yrs)

20-39 1.0 (ref) 1.0 (ref)

40-59 1.6 (1.1-2.5) 0.03 1.7 (1.1-2.6) 0.01

60+ 2.4 (1.5-3.8) 0.001 2.5 (1.6-4.0) 0.001
Sex

Men 1.0 (ref) 1.0 (ref)

Women 1.5 (1.1-2.0) 0.003 1.5 (1.2-2.0) 0.001

5 Oman Medical Specialty Board
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Table 3: Odds ratios of good glycaemic control in multivariate logistic regression used to predict HbAlc (dependent variable) in 1,266

individuals with type 2 diabetes mellitus (adjusting for all shown independent variables) Oman, 2007.

-continued
Characteristic Full model Final Model
OR (95% CI) p value Odds Ratio p value

<5 years 1.0 (ref) 1.0 (ref)

>5 years 0.8 (0.6-0.9) 0.048 0.8 (0.6-0.9) 0.041
Treatment type

Diet 1.0 (ref) 1.0 (ref)

Oral agents 0.2 (0.1-0.3) 0.001 0.2 (0.1-0.3) 0.001

Insulin + oral agents 0.1(0.03-0.14) 0.001 0.1(0.03- 0.14) 0.001
¢GFR

<60 (mL/min/1.73m?) 1.0 (ref) 1.0 (ref)

>60 (mL/min/1.73m?) 1.8 (1.04-3.1) 0.033 1.9 (1.1-3.3) 0.013
Healthcare index

0-4 1.0 (ref)

5-7 1.01 (0.8-1.3) 0.934
BMI

<25 Kg/m? 1.0 (ref)

>25 and <30 Kg/m? 0.9 (0.6-1.3) 0.472

>30 Kg/m? 0.8 (0.6-1.2) 0.404
Tobacco use

Yes 1.0 (ref)

No 0.7 (0.4-1.3) 0.281

*SD could not be determined due to small number in this cell.

Higher levels of HbAlc in young people may also be related
to rapid changes in lifestyles witnessed in Oman over the past four
decades. Urbanization for example, has increased from 11% in
1970 to 80% in 2005, with a rapidly growing number of Omanis
leaving arable land and labor-intensive jobs to work in less strenuous
office-based or industrial jobs.!* Changing trends in urbanization
and employment inevitably lead to changes in lifestyle that expose
people, including those with diabetes to increased biological and
behavioral risk factors. In addition, data on food imports to Oman
indicate an increasing trend of per capita consumption of refined
sugar, dried and evaporated whole milk, chicken, cheese, and
chocolate products over the past decade, while fruit consumption
has increased only slightly.’* High saturated fat intake is positively
correlated with higher HbA1c.'

Access to healthcare and medications is likely to influence
diabetes care and the related morbidity and mortality. Poor people
with diabetes tend to have less access to blood glucose tests, insulin
injections and more likely to have poorer levels of HbAlc.”
However, such factors are unlikely to play any significant role
in Oman as healthcare provision is universally free for Omanis
including the dispensing of all types of medication for all chronic
conditions. It also seems unlikely that younger people with diabetes
in Oman miss their outpatient visit appointments compared to
older adults as the mean number of outpatient consultations by all
age groups was similar in this study (ANOVA, p=0.66, data not
shown).

In this study, although progression in BMI from normal to

overweight and obesity were associated with worsening glycemic
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control, higher BMI could not independently account for poor
HbA1lc levels in patients with T2DM (p=0.934). In previous
studies of people with diabetes in Oman, BMI was also shown not
to be independently associated with the risk of diabetes mellitus
once waist circumference was taken into account.'® Despite high
prevalence of overweight (27%), obesity (24%), and metabolic

319 it is unclear whether these are related

syndrome (21%) in Oman,
to higher HbA1lc levels among younger age groups. This study
lacked data on waist circumference to assess its relation to age and
HbAlc.

Healthcare index was used to examine whether the provision
of <5 or >5 routine services to people with diabetes is related to
HbA1c levels. Providing >5 outpatient services did not result in
significant changes in the odds ratio of having good glycemic control
after controlling for other confounders. This may be due to the fact
that the used factors, despite being part of standard diabetes care,
may not be biologically relevant to the control of glycemia per se.
Another study, having used foot and eye examination, diet and
exercise instructions, general diabetes education, and influenza
vaccine to compose HCI, showed that worsening HCI did not
account for higher HbA1c.?

There were a few limitations in this study. First, patients who
had no missing data on all variables used in this analysis were
selected which may have introduced selection bias to the study and
thus limiting comparability by age groups; however, comparing
the study results on well-controlled patients with HbAlc <7%
(32%; n=1266) with the full dataset (30%; n=2551), no significant
difference (p=0.207) was shown. Second, although several factors
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that may influence HbAlc levels were studied, there remains a
wide array of other factors which interplay to control HbAlc.
Such factors include patient education,® physical activity index,*

instruction dietician/educator,?

and various genetically inherited
hemoglobinopathies,”® which were not available in this study.
Nonetheless, the consistency of the results presented with other
studies and being the first study to explore the relation of HbAlc
with age among Arabs of the Middle East lends strength to this

study.
Conclusion

The finding of this study of less favorable glycaemic control among
young Omani patients with T2DM implies that diabetes control in
younger adults is a formidable challenge to the healthcare system,
diabetes care team, and the patient. It highlights the need for further
research to understand other determinants of poor glycaemic control
in the young and interventions to rectify it in Oman. Unless this is
done, diabetes and its complications are expected to result in high
morbidity and mortality over the next decade in Oman especially

among younger adults.
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