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ABSTRACT

Introduction: Glycated Hemoglobin (HbALc) is a measure of the degree to which
hemoglobin is glycosylated in erythrocytes and is expressed as a percentage of total
hemoglobin concentration. HbAlc has been regarded as an indicator of average
glycemic values for patients with diabetes. Glycemia is recognized to change with
age. According to American Diabetes Association guidelines, normal range for
HbAlc levels is <6%. Present study aimed to find the effect of ageing on HbAlc,
fasting and 2 hr post prandial glucose levels in non-diabetic subjects.

Material & Methods: The study included 100 non- diabetic subjects, aged 30-70
years, of both genders. These were further subdivided into 4 subgroups of age (i.e.,
31- 40, 41-50, 51-60 and 61-70 years). Fasting blood sugar (FBS) and 2 hr post
prandial glucose (PP) levels were estimated. HbAlc levels were estimated using
boronate affinity assay.

Results: HbAlc levels rise with age, with the 97.5th upper limits for 40 years
being 5.72 compared with 6.61or even higher for those aged upto70 years. The
association was found to be extremely significant as all the p-values were <0.05.
Conclusion: In summary, our study found clearly that HbAlc increases with age
with minimal increase in FBS and PP levels. The possibility for association of
higher HbAlc with increase in age in non-diabetics is multifactorial including
accumulation of toxic metabolic products, sedentary lifestyle, increased body and
abdominal fat, impaired glucose metabolism, altered pulsatile insulin release and
resistance to insulin. We recommend that further studies to be undertaken for the
role of ageing as a confounding factor in estimating glycemic control with HbAlc.
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Glycemia is recognized to change with age. The
prevalence of diabetes and impaired glucose homeostasis
is increased among older individuals.! Fasting plasma
glucose (FPG) and the oral glucose tolerance test
(OGTT) are considered to be appropriate tests for
diagnosing pre-diabetes and/or diabetes while OGTT is
also considered an appropriate test for assessing diabetes
risk in patients with impaired fasting glucose (IFG).? As
an alternative to these methods, an International Expert
Committee, including representatives of the American
Diabetes Association (ADA), the International Diabetes
Federation (IDF), and the European Association for the
Study of Diabetes (EASD), recently recommended
evaluating glycosylated hemoglobin (HbAlc), with a
cut-off point of > 6.5% to diagnose diabetes® (the HbAlc
of young, lean and healthy subjects is approximately
5.0%.* This strategy was endorsed and adopted by the
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ADA in 2010.5 Glycated Hemoglobin Alc (HbAlc) is a
measure of the degree to which hemoglobin is
glycosylated in erythrocytes and is expressed as a
percentage of total hemoglobin concentration.
Epidemiological evidence suggests that elevated HbAlc
is associated with cardiovascular and ischemic heart
disease risk.® Both obesity and physical inactivity are
considered to play important roles in the prevention and
treatment of diabetes, with the ADA recommending that
people with HbAlc of 5.7-6.4% undergo moderate
weight loss (7% of initial body mass), as well as
increasing physical activity to at least 150 min/week of
moderate activity.”

Ageing is another factor that contributes to variance in
HbAlc and diabetes risk. Even in non-diabetic adults
with normal fasting glucose, HbAlc steadily increase
with age, such that at 70+ years of age it is 5.5%, almost
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attaining the ADA criterion for prediabetes.® It should be
noted, however, that ageing is also associated with a
number of risk factors common to the sedentary/obese
lifestyle that are expected to be associated with elevated
HbALc levels, including increased body and abdominal
fat,®° a more atherogenic lipid profile,’%!! diabetes'?,
elevated inflammatory markers®?, decreased
cardiorespiratory  fitness'* and reduced physical
activity.’>1® Any, or all, of these risk factors are expected
to be associated with elevated HbAlc levels. There is,
however, little information as to what extent factors such
as obesity or physical inactivity in older adults modify
HbAlc levels above and beyond the effect of aging, per
se. This knowledge is essential for determining whether
or not 1) lowering HbAlc by diet and exercise is a
realistic goal for obese and inactive elderly subjects and
2), if this is indeed achievable, what should be the target
levels HbAlc to attain?

Current HbAlc targets for diabetes treatment set by the
ADA (<7%) or The American College of Endocrinology
(<-6.5%) are not age specific. The central role played by
HbAlc in management of diabetes and possibly in its
diagnosis raise the question whether there are age related
differences in HbAlc.>!" Even in non-diabetic adults
with normal fasting glucose, HbAlc steadily increases
with age and at about 70 years of age, it is 6.61%, almost
attaining the ADA criterion for pre diabetes. According
to ADA guidelines, normal range for HbAlc levels in
non- diabetics is <6%. Abnormal carbohydrate
metabolism is also observed in obese especially with a
central distribution of body fat, along with decrease in
physical activity which occur progressively with
ageing.*® The present study was aimed to find the levels
of HbALc in persons of different age groups.

Tablel- Fasting and 2-hr PP glucose values in non-
diabetics with different age groups

Age n (no. of Fasting Post-prandial
groups patients) blood sugar sugar
(years) (FBS)mg/dl (PP)mg/dl

31-40 12 91.81 93.16

41-50 33 93.20 98.62

51-60 39 96.42 107.53

61-70 16 99.01 125.41
DISCUSSION

The process of ageing and death remain one of the most
fascinating and mysterious areas of biological research.
With increased longevity, the projected population above
65 or older will be one fifth of world population.'® One
of the hypothesis trying to explain the process of ageing
is the idea of glycation of proteins.? Ageing process can
be faster because of accumulation of toxic metabolic
products. These substances could be products of non-
enzymatic glycosylation. Glycosylation may therefore
play an important role in ageing and has been implicated
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MATERIALS AND METHODS

The study included 100 non- diabetic patients, aged 30-
70 years, of both genders visiting GGS Medical College
and Hospital, Faridkot, Punjab. Informed consent was
taken before enrolling the patients.

Patients were divided into 4 subgroups by age (i.e. 31-
40, 41-50, 51-60 and 61-70 years). Fasting blood sugar
(FBS) and 2 hr post prandial glucose (PP) levels were
estimated. Oral GTT was done to exclude impaired
glucose tolerance. HbAlc levels were estimated using
boronate affinity assay.

Subjects with impaired FPG, IGT by OGTT and/or
diabetics were excluded from the study. Similarly
subjects on medications which can alter the concerned
parameters were excluded from the study. Statistical
analysis was done using SPSS.

RESULTS

This study showed that HbAlc levels rise with age, with
the 97.5th upper limits for 40 years being 5.72 compared
with 6.61or even higher for those aged upto70 years.
Association found was extremely significant as all the p-
values were <0.05.

To determine whether FBS and PP contribute to the
increase in HbAlc observed with age, we analyzed FBS
and PP by age categories which showed marginal
increase but the values were in normal range as per ADA
guidelines for non- diabetics.

In summary, our study found clearly that HbAlc
increases with age as shown in Table-2 and depicted in
Figure-2 with marginal increase in FBS and PP levels as
shown in Table-1 and presented in Figure-1. There was a
significant positive association between mean HbAlc
and age- groups in the non-diabetic persons.

Table 2— Mean and 97.5th percentile HbAlc among
non-diabetics of different age groups

Age n (no.of HbAlc (%) HbAlc (%)

groups  patients) (Mean £ (97.5th
(years) SE) percentile)
31-40 12 5.20+0.01 5.72
41-50 33 5.20 £ 0.02 6.26
51-60 39 5.28 £ 0.03 6.51
61-70 16 5.50 £ 0.04 6.61

in the pathophysiology of number of diseases, like
Alzheimer disease, diabetes, and lung diseases.?! One
such explanation may be changes in the rate of glycation
associated with ageing. Ageing is also associated with
many risk factors common to the sedentary lifestyle that
are expected to be associated with elevated HbAlc
levels, including increased body and abdominal fat, a
more atherogenic lipid profile, diabetes, elevated
inflammatory markers, decreased cardiorespiratory
fitness and reduced physical activity. A possible
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explanation for the observed association of higher
HbAlc with increasing age in individuals with normal
glucose tolerance is that factors unrelated to glucose
metabolism are affecting HbAlc levels. Similar results
were observed in a twin community based population
study, strengthening our conclusion that HbAlc levels
increase with age.* Moreover, this also enhances the
generalizability of our results. The possible explanation
for this association of higher HbAlc with increasing age
in non-diabetics is that factors unrelated to glucose
metabolism are affecting HoAlc levels.

Considering the value of HbAlc in the elderly, glycation
may play independent role in ageing.?’ The results of a
large cross sectional study shown the body wt and BMI
increase throughout life till 50-60 years of age and
obesity especially with a central distribution of fat along
with reduction in physical activity occur progressively
with ageing and both these adversely affect carbohydrate
metabolism.*® Another study demonstrated positive
correlation between the age group over 60 years with
HbAlc.20

Figure 1: Fasting and 2-hr PP glucose values in non-diabetics with different age groups
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Figure 2 : 97.5th percentile HbAlc among non-diabetics with different age groups
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Pathogenic mechanisms which contribute to glucose
intolerance with ageing include alteration in glucose
induced insulin release, resistance to insulin mediated
glucose disposal.?? This may be partly due to decreased
beta cell response to the hormones and altered pulsatile
release of insulin.?®
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Our findings were in discordance with some studies
which say that there is no relation between age and
HbAlc.24

Age has been associated with deterioration in
cardiorespiratory fitness.!* Time spent in sedentary
activities has also been reported as increasing with
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age.?>2® which is a predictor of obesity, atherosclerosis,
and cardiovascular disease.?”? Some studies have found
that weakening of the cardiovascular system associated
with ageing could be countered by increasing levels of
physical activity and functional fitness.t”2°3° Poor
Glycemic control (HbAlc > 8%) has been found to
explain approximately 10% of disability, i.e. difficulty to
perform a physical task by participants aged > 60 years
which increases to 85% if we include comorbidities,
mostly  cardiovascular ~ disease and  obesity.!
Additionally, it remains to be understand the effect of
sex on the relationship between functional fitness and
HbAlc in elderly.

Gao and colleagues, studying a population with mean
HbAlc of 5.8% and 91% of HbAlc values below 7%,
have partially agreed concluding that HbAlc was not
associated with risk of developing instrumental activities
of daily living (IADL) and/or activities of daily living
(ADL) impairment in the whole sample population,
however it was associated when analyzing only women.®

CONCLUSION

In nutshell, the study done by our department clearly
indicated that HbAlc increases with age and analysis of
FBS and PP by age categories showed marginal increase
but the values were in normal range as per ADA
guidelines for non-diabetics. Association found was
extremely significant as all the p-values were <0.05. We,
therefore recommend that ageing may be undertaken as a
confounding factor in estimating glycemic control using
HbAZc levels.
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