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ABSTRACT

Background: Studies have found that diagnosis of Type 2 diabetes increases the risk of early retirement in the high-income
countries. In this study, we examined the levels of glycated hemoglobin (HbA1c) by employment status to determine if early
retirement confers a benefit to managing diabetes.

Methods: The data was from a primary care center serving the uninsured and medically underserved in the greater
Williamsburg area in the State of Virginia. Plasma concentration of HbAlc (%) from the last visit was used to measure the
average level of blood glucose and as an assessment test for glycemic control in people with diabetes. Data analyses were
carried out using general linear regression with HbA1c as the dependent variable and employment status, gender and age
as the independent variables; and the interaction of gender and employment status and interaction of age and employment
status were assessed to control for potential confounding factors.

Results: The results showed that males tended to have a higher level of HbA1c; overall age was negatively associated with
the levels of HbAlc; there was a significant difference in the mean levels of HbA1lc between the retired people and people
working part-time (p=0.032). After controlling for age and gender in the multiple linear regression analysis, employment
status became non-significantly associated with HbAlc levels. Post hoc analysis showed a difference in HbAlc between
individuals working part-time (the highest HbA1lc group) and the full-time employed at a marginal significance (p=0.0823).
While almost 20 years older, the retired people had the lowest level of HbAlc. However, the mean level of HbAlc was no
longer significantly different from that in other groups, probably because age explained much of this variation in the levels
of HbAlc among employment status. Multiple regression analysis showed that age was negatively associated with the levels
of HbA1lc (The retired people mainly derived Beta=-0.046, p<0.0001).

Conclusion: In this underserved population, the HbA1c level is the lowest in people after retirement, even though they are
older. Our study indicates that retirement may be a beneficial factor to the management of diabetes, which warrants further
investigation.
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INTRODUCTION betes. The prevalence of diabetes is increasing in the US

and globally, and the increasing rates of overweight and

Diabetes is a group of metabolic diseases with excessive
level of blood glucose over a prolonged period (1). Type 2
diabetes is the most common form of the disease and is
caused by the body not making enough or appropriately
using insulin, a hormone that helps glucose get into cells to
be processed into energy (2). Having too much glucose in
the blood may cause severe problems, including damaging
eyes, kidneys, and nerves; and untreated diabetes can also
cause heart disease and stroke. Women who are pregnant
are may develop diabetes, which is called gestational dia-
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obesity in people and the aging of populations drive this
trend.

Diabetic conditions may require long-term management of
blood glucose, which is defined as to keep levels of blood
glucose as close to normal as possible by balancing food
intake with medication and activity. Low income and low
educational attainment have been associated with the incr-
eased risk of hypoglycemia in diabetes (3), which may be
caused by taking too much insulin or other diabetes
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medications, reduced eating foods, or doing more exercise.
Both diabetes and hypoglycemia in diabetes harm employ-
ment such as early labor-force exit and income (4-8). In
this study, we examined the level of HbA1c as the measure
of diabetes management, by employment status. There are
reports that people diagnosed with diabetes start an exer-
cise regimen but that this often tapers off over time with
aging (9, 10). Retired people with diabetics could either
have more time to do physical exercise, which improves
the levels of their hemoglobin Alc or taper off over time
due to aging. Many patients with diabetes also have co-
morbidities and are on several medications. The number of
co-morbidities and medications would be expected to incr-
ease with age, which could inhibit their ability to manage
their diabetes through exercise. With the aging global pop-
ulation, more people than ever before will have diabetes
when they retire, and therefore, understanding manage-
ment of diabetes after retirement is essential for healthy

aging.

METHODS

Using medical records from a clinic that serves a medically
under-served population, we examined the effect of emp-
loyment status and retirement on the management of dia-
betes. The data was from the Olde Towne Medical and
Dental Center in Williamsburg, Virginia, which is a primary
care center providing health services to the uninsured and
underinsured in the Greater Williamsburg area. The
Institutional Review Board approval was obtained from
the Institutional Review Board of the College of William
and Mary. The plasma level of HbAlc was based on the
measurement in the last visit to the clinic. Blinded data for
all patients with diabetes in the clinic database was down-
loaded into an Excel spreadsheet.

Data collected included age, the number of co-morbidities,
number of medications, plasma levels of hemoglobin Alc
(%), gender, and residence address, which was mapped to

the distance from the clinic. Hemoglobin is the part of red
blood cells that carries oxygen from the lungs to the rest of
the body. Because the lifespan of a red blood cell is about
100 to120 days, an HbAlc test can measure the average
amount of glucose attached to hemoglobin over the past
three months. HbAlc is used for making a diagnosis of
diabetes. Typically, a diagnosis of diabetes is made when
HbA1lc about 6.5% or higher, and pre-diabetes when the
plasma HbA1c levels were between 5.7 and 6.4%.

Linear regression analysis was performed with the out-
come variable levels of HbAlc measured as a percentage,
and the independent variables were employment status,
gender, and age. The model was defined as HbAlc = a +
Bi*age + B2*gender + PBs*employment status; possible
interactions between age and employment status and bet-
ween gender and employment status were also assessed.
Statistical analyses were carried out using XLSTAT in Excel
and SAS.

RESULTS

Table 1 gives the characteristics of subjects by employ-
ment status. Of the total 413 participants, there were 40
retired people (9.69%), 194 unemployed (46.97%), 95
working full time (23%), 71 working part-time (17.19%)
and 13 no available information on employment (3.15%),
who were likely self-employed. The mean age of the retired
people was 74.52 years, which was 20 years older than
people with another employment status. The median
numb-er of co-morbidities and medications in the retired
people were 4 and 10, respectively, which were not
significantly higher, given that their age was 20 years
older, compared with other groups. People who worked
full-time had a rela-tively low proportion of females
(46.32%) compared with the people retired (67.5%) and
unemployed (63.93%); women were more predominant in
working part-time (78.87%).

Table 1. Characteristics of subjects in five employment groups (N=413)

Females, %
Employment status N %  Mean age Co-morbidities* Medications* n %
Retired 40 9.69 74.52 4 10 27 67.50
Unemployment 194 46.97 54.50 4 7 124 63.92
Full-time employed 95 23.00 52.06 2 8 44 46.32
Part-time employed 71 17.19 50.73 3 5 56 78.87
Undefined (mainly self-employed) 13 3.15 52.00 3 7 5 38.46

Note: * median number of co-morbidities and medications

We noted that the levels of HbA1c were different by emp-
loyment status (Table 2). The overall crude mean level of
HbA1lcwas 7.9% (min-max: 4.6-15; SD=2.3), mean age was
55.2 years (min-max: 22-98; SD=12.8 years). The retired
people tended to have a lower level of HbAlc (Mean=
7.23%; SD=2.06) and even with smaller min-max range
(4.9-12.9%); whereas the part-time employed had the
highestlevel of HbA1lc (Mean=8.21%; SD=2.46). There was
a significant difference in the mean level of plasma HbAlc
between the retired and the part-time employed (p=
0.032); no significant difference in the mean levels of
HbA1lc was observed between other employment status
based on the Analyses of Variance (ANOVA). We also noted
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that males had a higher level of HbAlc (Mean=8.1%;
SD=2.3) than females (Mean=7.12%; SD=2.31).

Because the sample was highly heterogeneous, we exam-
ined the relationship between HbA1lc and age by employ-
ment status (Figure 1). We noted a consistent trend across
a different group of employment status that the levels of
HbAlc tended to be negatively associated with age in all
groups, and the most influential association seemed in the
unemployed people and people working full time. How-
ever, the correlations between age and HbA1c was flatter
in people who worked part-time and had the highest mean
level of H1A1c, as well as the retired people who had the
lowest mean level of HbAlc.
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Table 2. Summary of plasma HbAlc %) in patients with Type Il diabetes by employment status and gender

Variable Code n Mean Median SD Min Max
Overall 413 7.87 7.0 2.31 4.6 15
Gender
Male 157 8.10 7.5 2.30 4.8 15
Female 256 7.12 6.8 2.31 4.6 15
Employment
Retired 40 7.23 7.5 2.06 49 12.9
Unemployed 194 7.92 7.0 2.19 4.6 15
Fulltime 95 7.78 6.8 2.46 5.0 15
Part-time 71 8.21 6.9 2.46 5.2 15
Undefined (mainly self-employed) 13 8.08 9.9 2.15 53 12.4

Linear Regression Fit for Last_A1C_Level by Employment_Status
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Figure 1. Linear regression fitted line of levels of HbA1c and age by employment status. Retired, retired people; Undefin,
undefined category; Unemplo, unemployment; Works F, worked full-time; Works P, worked part-time.

We further performed multiple linear regression analysis
while controlling for age, gender, employment status, and an
inter-action term of gender by employment because the type
2 diabetes is more prevalent in males (11) and females pre-
dominated in part-time work with the highest level of HbAlc
(mean=8.21%; SD=2.46) in our data (Table 3). We found
that the overall model was significant and that age was
negatively associated with levels of HbAlc significantly
(Beta=-0.46; p<0.0001); and females tended to have a lower
level of HbAlc (Beta=-0.51;p=0.0291) compared with
males. However, there was no significant difference in the
mean level of HbAlc between employment statuses (p=
0.5504); and no significance was found for the inter-action
between employment status and age (p=0.450) and the
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interaction between employment status and gender (p=
0.735).

Based on the model with an interaction term of age and
employment status, we performed a post hoc test for the
least-square mean of HbAlc by employment status
(Figure 2). Except that there was a difference in the least-
square mean of HbA1lc between work full-time and part-
time at a marginally significant level (p=0.0823), we
found no significant difference in the mean level of
HbAlc among other groups (p=0.3049), although the
retired people still had the lowest while people working
part-time had the highest level of mean HbAlc. This is
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probably because that age had accounted for the
retirement effect on HbAlc.

Table 3. Multiple linear regression analysis of levels of HbAlc with age, gender and employment status.

Variable Code Beta SE tValue P P*
Intercept 11.0261 0.6119 18 <.0001
Age Years -0.0475 0.0101 -4.72 <.0001
Gender
Female -0.5103 0.2329 -2.19 0.0291
Employment Status 0.5504
Retired 0.0934 0.5040 0.19 0.8531
Undefined -0.3498 0.6833 -0.51 0.6090
Unemployment -0.1899 0.3152 -0.6 0.5471
Work full time -0.5348 0.3596 -1.49 0.1378
Work partime 0.0000

Note, p*, the overall p-value for association with HbAlc
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Figure 2. Least square means of HbAlc by employment
status based on multiple linear regression with an inter-
action term of age and employment.

DISCUSSION

Several papers have investigated the effect of work on the
management of Type 2 diabetes, and its impact seems to
be that people with diabetes tend to leave employment and
retire early. Whether retirement results in better control
of diabetes for patients that are retired have not been
examined. In our limited data from one medical facility
serving the uninsured and underinsured, we found that
people of older age, who were mainly retired people have
better management of their HbAlc levels.

Walzer theoretically evaluated the influence of early retir-
ement on healthcare budget and insurance premiums and
found that it might not be desirable for insurance comp-
anies and countries to have patients with diabetes retire
early(12). Studies using two independent datasets show
that levels of HbA1c are increased with age in healthy pop-
ulations without known diabetes (13). In addition, dia-
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betes is a progressive disease, but retirement could be an
effective intervention to delay progress.

While studies have generally found that patients with
diabetes retire earlier, Miah and Wilcox-Gok (14), found
that patients with diabetes and other chronic illnesses
accumulate fewer assets over time and so tend to retire
later. Their study did not show a reduction in activities of
daily living for people with diabetes and given the effective
medications available and if combined with diet and exer-
cise should lead to the effective long-term management of
diabetes. Their result is supported by a study in Finland
(15), showing that patients with diabetes work about two
years longer than people not diagnosed with diabetes do.
This finding may be related to the superior health system
in Finland, which provides effective management of dia-
betes to every citizen and to having flexible jobs situations
that allow people the opportunity to stay employed and
manage their disease. It would be interesting for high-
income countries with aging populations to evaluate the
effect of job change on the control of diabetes to allow such
patients to stay in the workforce. An Australian study also
found that diabetes reduced income and that people with
diabetes tend to retire early (16).

However, an individual’'s decision to retire is based on
many factors, including the type of job, retirement savings,
family support, or other types of retirement funding as
well as age. Patients with diabetes as older adults tend to
have clinical complexity or cognitive impairment that may
have reduced their ability to do exercise or manage their
diabetes (17, 18). Using Finnish data, Kivimaki et al- found
that retirement was associated with an increased likely-
hood of poor adherence to antidiabetic drugs in men and
associated with poor adherence to antihypertensive medi-
cations in both men and women (19).

The theoretical argument can be made that since people
with chronic diseases are likely to die earlier, there is a
benefit to having them retire earlier; however, if retire-
ment then allows them to manage their chronic conditions
better, their lives might not be shortened. Rodriguez has
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posited that since people with chronic diseases at low
social and economic status die at younger ages, their con-
tribution to economic participation is lost (20). As the
burden of chronic non-infectious diseases grows with
aging populations, countries will have to find a way to
encourage active aging. It is worth examining in future
studies what types of jobs lead to better management of
diabetes and advising a change of employment rather than
early retirement for low-income people with diabetes. It
may also be a policy intervention for governments to prov-
ide people with chronic diseases such as diabetes with
training to change jobs to less stressful ones or posts that
are more conducive to the management of their condition.
As the population ages, the prevalence of diabetes will
continue to rise, and having diabetic patients stay in the
working population will be critical for society.

People over 50 years with diabetes have higher levels of
physical disability and faster rates of deterioration of the
physical ability compared with people of the same age
without diabetes; and the difference is more pronounced
in women, racial minorities and people with lower levels
of education with diabetes compared to the same group
without diabetes (21). The deterioration in physical ability
explains why studies have found higher rates of not work-
ing and retirement in diabetes patients. Vijan et al. (22)
found that people with diabetes are more likely to be
disabled, retired, or taken sick days off work compared to
people of the same age not diagnosed with diabetes. They
estimated approximately an annual economic loss of one
billion dollars a year due to the decline in economic produ-
ctivity among people with diabetes. The rate of diabetes
has increased significantly since their analyses in 2004,
and the loss will be higher today. It is, therefore, important
to find ways of having people with diabetes stay employed
and manage their diabetes while at work.

Certain types of jobs where workers have low control are
associated with increased risk of diabetes (23). A way
forward could be that after diagnosis with diabetes, people
could move to other types of jobs that offer more control
such as jobs where they can work from home or schedule
on their own time rather than retire. Kouwenhoven-
Pasmooij et al. (24) found that while workers with diabetes
had increased probability of early retirement and getting
disability benefits, this probability increased mostly for
people with low control jobs. Whether jobs can be gene-
rated for people with diabetes that allows them to stay in
the workforce depends on how co-workers accept such
programs and if co-workers were willing to have changes
in the workplace to assist diabetes patients to remain at
work in Denmark (25). This may not be the case globally as
things like taking blood sugar measurements at work and
thriving to eat differently from peers has been associated
with stigmatization (26). Mutambudzi et al. (27) also found
that jobs with more effort than reward were associated
with a diagnosis of diabetes. How to change work environ-
ments for an aging population with more prevalence of
chronic diseases such as diabetes especially in low paying
jobs where people have less control will be a challenge for
the high-income countries in the coming years.
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Social support has been found to improve diabetes mana-
gement in the middle-aged and elderly patients with Type
2 diabetes (28) and people in retirement should be able to
do more exercises and eat healthier but also find time to
associate with family and friends in situations that leads to
less stress and more communal circumstances. In our
study with small limited data, there is an indication that
retirement could confer some benefit for older people with
diabetes.

Limitations

Our data from medical records were not collected for the
sole purpose of research. One major limitation of this study
is that we did not obtain longitudinal data and only used
the last HbAlc for patients to determine if patients had
their diabetes under control and therefore effects over
time could not be determined.

CONCLUSION

Our study showed that older diabetics who are mainly
retired people have better management of their diabetes.
Earlier studies have shown that people with diabetes retire
early, and we show that retirement helps with the manage-
ment of diabetes, indicating that retirement may be an effe-
ctive intervention for diabetes, especially in the low-
income patients. As populations age, there may be a need
for investigating alternatives to retirement such as job
change to keep people employed and contributing econo-
mically.
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