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Executive Summary: A 5-year follow-up study of mortality among non-smoking
insurance applicants based on hemoglobin A1c level found that the mortality risk
increases for everyone in a consistent linear pattern above 5.9%, irrespective
of age and gender. The magnitude of the relative risk is different by age group,
but the pattern of increased risk is similar at all ages. There is no difference in
relative mortality risk by hemoglobin A1c level between men and women of the
same age. Because this study looked only at insurance applicants, and because it
is large (280,000+ subjects and 9,000+ deaths), underwriters can place greater
reliance on these results for their underwriting approach to diabetes.
Introduction
Hemoglobin A1c (HbA1c), also called glycohemoglobin, is a reliable indicator of long term blood glucose
control. Insurance companies typically consider those
with elevations of HbA1c to be at higher mortality risk,
and consider the risk to increase further as HbA1c
values increase inside the diabetic range. However,
both the level of HbA1c where risk begins to increase
and the steepness of that risk slope beyond that point
are unclear from current clinical literature.
The study most often used currently to define mortality
risk associated with HbA1c is the British EPIC-Norfolk
study, but it has only 521 deaths and divides HbA1c
values from <5% to 7+% only.1 This results in very
wide and overlapping confidence intervals, and provides little guidance regarding mortality for HbA1c
values above 7%. Another recent study from Australia
divides the groups only by diagnosis, and has even
fewer (298) deaths.2
This article describes a follow-up study performed by
Clinical Reference Laboratory that looks at the mortality of insurance applicants according to their level of
HbA1c. It has been recently published in the Journal
of Insurance Medicine.3 This study is unprecedented
in that:
• The people studied were insurance applicants,
• They were followed for a fairly long period of
time, and

•

There were so many studied that reliable results
were available both for borderline elevations of
HbA1c and for values as high as 11%.

How the Study Was Done
Clinical Reference Laboratory (CRL) performs testing
on a substantial proportion of U.S. insurance applicants. When screening insurance applicants for diabetic
risk, HbA1c is typically performed as a reflex test if
personal medical history, blood glucose, fructosamine
or other screen for abnormal blood glucose suggests
possible increased risk.
This study includes 286,443 applicants age 40 years
and up who were tested for HbA1c between 1993
and 2004. These applicants were also known to be
negative for urine cotinine (<.25 ng/mL), a metabolite
of nicotine, indicating they were non-smokers. We
excluded the cotinine-positive applicants (smokers)
from this study because their overall mortality was
substantially higher, thus complicating any conclusions
that we could make from their HbA1c experience.
The Social Security Administration keeps a database
(the Death Master File) that lists the deaths of U.S. citizens, and allows this to be used for research purposes.
This database was used in 2006 by CRL to determine
who in our study had died. The mean duration of
follow-up was 5.6 years, with a median of 5 years.
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Because of the study size, we were able to split the
HbA1c values into relatively small ranges (2% to 4.9%,
5% to 5.9%, 6% to 6.9%, 7% to 7.9%, 8% to 8.9%,
9% to 9.9%, 10% to 10.9%, and 11% and up). We
also were able to split the study into subgroups by
gender and age (40 to 59 years, 60 to 69 years, 70
years and up).
To compare mortality results among the different
HbA1c, gender and age groups, we calculated mortality
rates for each subgroup based on the number of people
who died (numerator) and the years of exposure that
everyone in that subgroup experienced (denominator).
These years of exposure are also called “person-years”
because they represent the total duration of years
studied for all the people in a subgroup. We used this
approach because not all of our applicants had the
same duration of follow-up; years of exposure were a
better indicator of the true mortality experience than
using individual lives.
From these rates we then calculated mortality ratios
and their 95% confidence intervals. Our mortality ratios
compared the mortality rate of a subgroup of interest
divided by the rate of the reference group. Reference
mortality was taken from the HbA1c subgroup that represented the healthiest risks (5% to 5.9%). The resulting
mortality ratios consistently compared the mortality in
the “healthiest” group of insurance applicants against
the mortality of insurance applicants with other values
of HbA1c. These ratios provide the relative risk associated with each HbA1c value subgroup.
No outside reference group was needed; the internal
group that we used was no different than other subgroups by any characteristic other than HbA1c level.
As a result, we can rely on the mortality results that
we found as being a true indication of the effect of
HbA1c level.
What the Study Found
A total of 286,443 applicants age 40 years and up
who were tested by CRL between 1993 and 2004
were found to have urine cotinine values between 0
and .24 ng/mL; they also had a HbA1c performed
either initially or as a reflex test. Mortality follow-up
in 2006 via the Social Security Death Master File
found 9,235 deaths within 1,591,418 person-years
of experience.
As shown in Table 1 (for ages 40 to 59), Table 2 (for
ages 60 to 69) and Table 3 (for ages 70 and up), sufficient person-years and deaths were available for all
values of HbA1c to support mortality analysis when
divided by gender and the three age subgroups. Since
HbA1c is usually performed based on a positive screening result or history of diabetes, people with HbA1c
values of 5% to 5.9% (typically considered normal or
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optimal) contributed only 36.5% of the study’s total
person-years of exposure.
Table 4 shows the mortality ratios within the HbA1c 5
to 5.9% subgroup when split into 5 to 5.4% and 5.5 to
5.9%. Here, the 5 to 5.4% band is the reference group
(mortality = 100%). We found no significant difference
in the mortality between the upper and lower halves of
the HbA1c 5 to 5.9% range, so we used this subgroup
in its entirety as the reference group.
Figure 1 shows mortality ratios for other bands of
HbA1c compared to 5% to 5.9%, defined as the reference group with a mortality ratio of 100%. We combined both genders for this graph because we found
no meaningful differences between the mortality ratio
results when each gender was analyzed separately.
Our tables and figure show increasing 5-year mortality
risk with increasing HbA1c values at 6% and higher.
This risk increases regardless of whether it is viewed
as mortality rates (as shown in Tables 1, 2 and 3), or
as mortality ratios with the 5% to 5.9% HbA1c group
as the reference (as shown in Figure 1). The impact of
increasing HbA1c on mortality is greatest at the youngest ages, and least within the oldest group. However,
the impact on mortality is seen at all ages; each unit
of increase in HbA1c is associated with a consistent
percentage increase in mortality.
We also found that HbA1c values less than 5% are
also associated with increased mortality. This trend is
even more dramatic as HbA1c values fall below 4%–we
did not show the data here because the numbers were
small.
What Do the Study Results Contribute to Risk
Assessment?
Hemoglobin A1c values of 6% and higher show a
steady progressive increase in 5-year mortality risk,
with a different rate of increase for different ages (Figure 1). Each 1% increase in HbA1c values is associated
with approximately a 50% increase in the mortality
ratios for ages 40 to 59, a 30% increase in the mortality ratios for ages 60 to 69, and a 17% increase in the
mortality ratios ages 70 and up. This increase begins
at HbA1c of 6% and continues at a uniform rate as
HbA1c values increase, even as high as 11%.
We did not have diagnoses available for this study, only
the actual HbA1c results. Underwriters will encounter
diagnostic labels such as “impaired glucose tolerance”
and “pre-diabetes.” Although these diagnoses are not
defined based on HbA1c results, most often these
individuals will have HbA1c values in the 6% to 6.9%
range; the diagnosis of “diabetes” most often includes
those with HbA1c values of 7% and higher.
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suggested the possibility of a difference, but the number of deaths was
small and confidence intervals widely
overlapping.1 In addition, that study
was done in the mid 1990s before
the current standardization of HbA1c
laboratory analysis, so a value of 5.5%
then might be significantly higher if
measured now.

Based on this study and other clinical literature, risk is
best assessed by HbA1c values rather than any particular diagnosis or lack of one. The mortality risk increases
gradually based on the degree of long-term elevation
of blood glucose, not in a stepwise fashion based on
diagnosis. Other adverse findings may increase the risk
profile of an individual, but it is unclear how much the
lack of other adverse findings would improve the level
of risk noted in this study.
We also found increased mortality within the small
group of individuals with HbA1c values below 5%.
This trend is especially strong for values below 4%,
but our numbers are too small for firm conclusions.
We believe that the increased mortality for these individuals is likely to be related to shortened red blood
cell (RBC) life, since hemoglobin contained within the
RBC is glycated slowly over its lifespan. This group may
include people with hemoglobinopathies or shortened
RBC survival associated with blood loss, mechanical
trauma or disease. Clearly, HbA1c values below 5%
as part of an insurance examination should prompt a
health review at the time of underwriting.
Finally, there has been debate as to whether risk is
different in the group with HbA1c of 5 to 5.4% vs.
5.5 to 5.9%, and if this could be used as a selection
factor for preferred classes. The EPIC-Norfolk study

Table 4 shows the mortality in our
study of the HbA1c band of 5.5 to
5.9% relative to 5 to 5.4%, with the
latter set as the reference at 100%.
Relative mortality in the higher band
varies from 93% to 106% of the lower
band; on average the 5.5 to 5.9%
band has very slightly higher mortality
but this difference is far less than necessary to separate a group into different underwriting classes or to be seen
as clinically important. We believe that
all individuals with HbA1c 5 to 5.9%
should be combined to represent the
lowest risk subgroup.
Our results indicate that even small elevations of
HbA1c above 5.9% are associated with important
levels of excess mortality. Typically, HbA1c is reflexed
off fructosamine, blood glucose or diabetic history.
Mildly elevated HbA1c values in the 6 to 6.9% range
are usually discovered only if the fructosamine reflex
level is set sufficiently low to detect applicants with
impaired glucose tolerance. Higher HbA1c values are
commonly associated with elevations in either blood
or urine glucose.
The “cost” (number of HbA1c tests done, most of
which are normal) and “benefit” (applicants with elevated risk identified) associated with various trigger
levels of your screening test should be discussed with
your laboratory. The potential benefit of additional
HbA1c tests increases with face amount and with age,
as more HbA1c elevations occur at older ages.
References
1. Khaw KT, et al “Association of Hemoglobin A1c with Cardiovascular
Disease and Mortality in Adults: the European Prospective Investigation
into Cancer in Norfolk” Ann Intern Med 2004;141:413-20
2. Barr EL, et al “Risk of Cardiovascular and All-Cause Mortality in Individuals with Diabetes Mellitus, Impaired Fasting Glucose, and Impaired
Glucose Tolerance: The Australian Diabetes, Obesity, and Lifestyle Study
(AusDiab)” Circulation 2007;116:151-157
3. Stout RL, et al “Relationship of Hemoglobin A1c to Mortality in Nonsmoking Insurance Applicants” J Insur Med 2007;39:174-181

ON THE RISK
vol.25 n.1 (2009)

49

About the Authors
Vera F. Dolan, MSPH, FALU, Research Associate at Clinical Reference Laboratory, is a consultant specializing
in underwriting research and product development. At CRL Vera assists with the analysis and publication of
CRL’s mortality study data. In her consulting practice, Vera develops risk assessment tools for underwriters,
including underwriting manuals, as automated risk assessment systems and underwriter training. Vera provides
litigation support for misrepresentation and other underwriting issues, as well as life expectancy calculations
for use during litigation.
Vera has a BA in Public Health from the Johns Hopkins University, and a Master’s in Public Health in Epidemiology from the University of North Carolina at Chapel Hill. Vera was employed as an underwriting researcher
at Lincoln Re and Transamerica Occidental Life before starting her consultancy in 1989. Vera is an Associate
Editor of ON THE RISK, and regularly speaks to actuaries and underwriters on risk assessment topics.
Robert L. Stout, PhD, is President and Director of the Clinical Reference Laboratory based in Lenexa, Kansas.
He completed undergraduate studies at California State University (Fullerton) and obtained a PhD in Biological
Chemistry from UCLA School of Medicine. Since 1978 he has been directly responsible for introducing many
of the new tests and procedures used in risk assessment such as urine and saliva HIV. Dr. Stout has produced
nine patents over the last decade.
Dr. Stout has published numerous articles in the Journal of Insurance Medicine and ON THE RISK. He has
made presentations to the Institute of Home Office Underwriters, the ACLI Medical Section, AAIM, the Home
Office Life Underwriter’s Association, the Canadian Institute of Underwriters, the International Underwriting
Congress, ICLAM, the Impaired Risk Group and numerous regional underwriters associations. Dr. Bob is
grandfather of three and an avid golfer, fisherman and gardener.
Michael Fulks, MD, Consulting Medical Director, analyzes, interprets and writes up CRL’s mortality study
results. Dr. Fulks is a graduate of the University of California at Davis, completing his residency at the University of Wisconsin and practicing for eight years before joining Allmerica in 1987. He became VP & Medical
Director of Phoenix Life in 1989 working with its direct and reinsurance areas, group health and disability.
Moving to Merrill Lynch in 1997, he developed an underwriting approach for its older age clientele. In 2001,
he joined MassMutual creating its first electronic underwriting manual and updating their requirements, preferred programs and ratings. He moved home to northern California in 2005 and now mixes ranch work with
consulting, including ongoing research work for CRL.
Mike has contributed to articles in the Journal of Insurance Medicine and ON THE RISK on laboratory
testing. He regularly speaks to medical directors and underwriters on various topics including predictive value
of testing and patterns of mortality in general and in relation to specific impairments ranging from coronary
disease to hepatitis. Mike is board-certified in Insurance and Internal Medicine.

