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More recently, underwriters have begun looking at

whether HbAlc test results could also be used to

UH{QH PRUWDOLW\ ULVN DVVHVVPHQW IRU SHRSOH ZLWK SUH
GLDEHWHY DQG HYHQ WR ¢QH WXQH PRUWDOLW\ ULVN DVVHVV
ment for people in good health. With HbAlc testing

on the rise, an increasing number of underwriters are

starting to look more closely at the mortality implica -

tions of its results.

Sweet Memories

The Alc component of hemoglobin and its relation-

VKLS ZLWK GLDEHWHV ZDV (UVW GLVFRYHUHG LQ WKH ODWH
1960s, and using it as a diagnostic test for diabetes

came into clinical practice during the 1970s and

1980s. Since then, the HbAlc test has become the
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EH DVVRFLDWHG ZLWK VLIQL,;FDQW OHYHOV RI H[FHVV PRUWDO

ity. Interestingly, the study also reported increased

mortality for those with HbAlc values below 5%. (It

should be noted that the study was unable to make
a distinction between diagnosed and undiagnosed
diabetes and mortality results, therefore, included

people with diabetes.)

,Q UHFHQW \HDUV VXEVWDQWLDO UHVHDUFK HcRUW KDV EHHQ

devoted to determining the relationship of HbAlc
with all-cause mortality. Studies published since
2007 have added greatly to our understanding of the
importance of HbAlc levels, particularly for people
without diabetes.

Our analysis assessed the relationship between HbAlc
and all-cause mortality using data from the Centers
for Disease Control and Prevention’s (CDC) Na
tional Health and Nutritional Examination Surveys
(NHANES 1988-2015). The analysis covered 59,424
individuals spanning the ages of 18 to 89. Of these,
5,840 (10%) said they had previously been told by
doctors they had diabetes at baseline. During a total
of 671,232 person-years of follow-up (range: < 1 year
to 27 years; average 11 years), 11,569 deaths were
recorded. Hazard ratios (HRs) were derived from
Cox proportional hazards models for survival time
outcomes (Cox survival models), with adjustments for
age, sex, smoker status, blood pressure, cholesterol,
body-mass index (BMI) and disease history.

Before we review the current literature, let's recap the

Source: IFCC Standardization of HbA1c.

For nearly a century, the Oral Glucose Tolerance Test
(OGTT) was the established method of diagnosing
diabetes and pre-diabetes. While many clinicians
still consider OGTT to be the more accurate test, it
requires pre-test fasting for 8 to 12 hours, and the
actual test takes between 2 and 3 hours.

In 2011, an expert group at the World Health Or-
ganization (WHO) agreed the HbAlc test could be

used to diagnose diabetes and recommended 6.5%

DV WKH GLDJQRVWHBwévE\WA Rlce SR L QW

GLCcHUHQW ZD\V LQ ZKLFK +E$ F L Vlessthen6okidaes papexcludr giabetes, and WHO's

the measurement can be used to diagnose diabetes.

OHDVXUH IRU OHDVXUH

In the US, HbAlc values are reported as percentages
using the National Glycohemoglobin Standardization
Program (NGSP) scale. Many other countries are
gradually switching to reporting HbAZ1c in mmol/mol,
usually referred to as IFCC (International Federation
of Clinical Chemistry) units.

Table 1 shows a conversion scale for the two types
of units. To convert from NGSP percentage to IFCC

units, the formula?is (10.93 x NGSP %) - 23.50.

Table 1 also provides a conversion scale for HbAlc
units and their equivalent estimated average glucose

value (eAG), which allows the two test results to be

compared.®
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group did not make any formal recommendations to
interpret HbAlc levels below 6.5%. Consequently,
the American Diabetes Association (ADA) and UK
National Institute for Health and Care Excellence
1,&( KDYH HDFK GH¢QHG LWV RZQ FXW
pre-diabetes (see Table 2, below):

Source: Association between pre-diabetes and risk of cardiovascular
disease and all-cause mortality: systematic review and meta-analysis.
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HbAlc Levels in People With Diabetes

HbALc tests are useful to assess how well people with

diabetes control their condition and if they are being

adequately treated. As we mentioned, HbA1c tests can

give an indication of a diabetic’s blood sugar levels

over the past 2 to 3 months. In addition, serial HbAlc

test results, which are generally available from an

applicant’s attending physician or from clinical lab

WHVW UHSRUWV FDQ KHOS FRQ/{UP ORQJHU WHUP GLDEHWHYV
control.

Although routine HbAlc testing for insurance ap-
plicants can detect non-disclosure of diabetes,
newer types of medical evidence, such as pharmacy,
medical billing and electronic health reports, are
increasingly being used by insurers to do so. These  sources: 2011-2014 NHANES and 2015 US Census Bureau data (CDC 2017).
forms of evidence are often inexpensive, readily avait
able at the policy point-of-sale, and do not require In countries such as the US, with high levels of rou
insurance applicants to submit to a blood draw. tine medical testing, the HbAlc test may be of lower
Given the success these reports have been having value to insurers. This is particularly the case with
in revealing undisclosed diabetes, they reduce the younger people, due to the low prevalence of undi
exclusive protective value of HbAlc testing to detect agnosed Type 2 diabetes in individuals under age 45
non-disclosure. However, access and procurement or in populations where annual health screening is
of the newer information sources currently remains customary.
variable by product and carrier.
JLIXUH BUHYDOHQFH RI +E$ F OHYHOV

Our analysis of the NHANES data found that 32% age in people diagnosed with diabetes in NHANES
of the men and 37% of the women with diabetes 1988-2015

GH¢{;QHG DV DQVZHULQJ 3\HV" WR WKH TXHVWLRQ RI KDYLQJ
been previously told by doctors they have diabetes)
KDG +E$ F OHYHOV EHORZ WKH GLDIJQRVWLF FXW Rc
point for diabetes (see Figure 1). For women age 40
or younger, 54% had HbA1c levels below 6.5%. This
suggests HbAlc tests can miss a proportion of people
who non-disclose diabetes.

HbAlc testing can be used to detect undiagnosed

Type 2 diabetes as well. Historically, HbAlc testing

ZDV GRQH DV D UHAH[ WHVW 7RGD\ WKDQNV WR ORZHU ODE
costs, HbAlc tests are done routinely. The protective

value of HbAlc testing to detect undiagnosed diabe

tes depends mainly on the underlying prevalence of

undiagnosed diabetes in the population being tested.

According to a 2017 report from the CDC, the aver

age undiagnosed diabetes rate in the US population

is 2.9% (see Table 3
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Raised HbA1lc Levels in People Without Diabetes
In people without diabetes, increased HbAlc levels
can be indicative of pre-diabetes (see Table 2, page
IRU FXW Rc OHYHOV $ GLDJQRVLV RI SUH GLDEHWHYV FDQ
include people with impaired fasting glucose (IFG),
impaired glucose tolerance (IGT) and metabolic syn-
GURPH *LYHQ WKH YDULRXV GH¢{¢QLWLRQV RI SUH GLDEHWHYV
DQG FXW Rc SRLQWYV WKDW YDU\ IURP FRXQWU\ WR FRXQWU\
it is not surprising researchers report wide variations
in terms of both prevalence rates and prognostic
implications of pre-diabetes.

A 2017 meta-analysis of 24 studies reported a preva
lence of pre-diabetes in Caucasian and Asian cohorts.
The authors estimated prevalence of impaired fasting
glucose at 36% using WHO guidelines and at 53% Our analysis of the NHANES subjects who had not

Source: Health Survey for England.

using ADA guidelines. This estimate, however, ap- previously been told by their doctors they had dia-

pears high when compared with prevalence rates for betes found that 22% of men (11%-38% depending

individuals who have both impaired fasting glucose on age) and 20% of women (7%-40% depending on

and impaired glucose tolerance, which was 16% using DJH KDG SUH GLDEHWHV DFFRUGLQJ W
WHO guidelines and 20% using ADA guidelines.’ tion (see Figure 2).

In the US, an estimated 33.9% of adults had pre- JLIXUH BUHYDOHQFH RI +E$ F JURXS

diabetes in 2015. For adults age 65 and older, the ~ and age in people without diabetes in NHANES
estimate was 48.3%. Only 11.6% of adults with pre- 1988-2015

diabetes reported being aware of their condition.

These prevalence rates are based on fasting plasma

glucose values of 100 to 125 mg/dL or HbA1lc values of

5.7% t0 6.4%. (Table 4, below, gives a full breakdown.)

Source: 2011-2014 NHANES and 2015 US Census Bureau data (CDC 2017).

Meanwhile, according to the Health Survey for

England, prevalence of pre-diabetes in England has Long-term mortality implications of pre-diabetes

increased markedly since 2003, rising from 11.6%  are not yet clear-cut. The current literature shows

to 35.3% in 20118 This 2014 survey used the ADA’s FRQALFWLQJ HYLGHQFH DERXW WKH ORC

+E$ F FXW Rc SRLQWYV RI WR gresSibixdlovert GiibbtesQaMhe potential to reverse

DJH DQG WLPH SHULRGV PDNH LW GW&KRX @ WQWBR WDREG BLGLK DAWHVW\OH PRGI
comparison with US data, the overall prevalence of healthier diet and increased physical activity. Table

pre-diabetes in approximately one-third of the popu - 6 (page 48) summarizes mortality results from recent

lation is consistent. (See Table 5 for a full breakdown.) studies.
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7DEOH
levels

&RQGLWLRQV ZKHUH ORZ 5%& WXUQRYHU FDQ GHFUH

Increased RBC production due to high altitudes, pregnancy

Hemorrhage or chronic bleeding

Hemolytic anemia
Chronic kidney failure

Liver cirrhosis, chronic hepatitis, ribavirin use

Alcoholic liver disease

JROLF DFLG GH¢FLHQF\
Hemoglobinopathies; e.g., thalassemia major

Spherocytosis
Aplastic anemia

Source: What Clinical Laboratorians Should Do in Response to Extremely Low

HbAlc Results.

Several studies have reported slightly increased mor
tality risk for those with low or very low HbA1c levels.
It was not always possible for studies to adjust for

underlying confounding factors, which can include

age, gender, race/ethnicity, smoker status, alcohol
consumption, BMI, blood pressure, biomarkers of

DVH +E$ F

et al.**used NHANES lll data (a subset of NHANES
data limited to subjects older than age 50) to adjust
for all known confounding risk factors, and found
WKDW PRUWDOLW\ ULVN ZDV QRW VLJQ
Other studies have shown controlling for confounding
factors may attenuate the low HbAlc impact, but it

LURQ GH¢FLHQF\ DQHPLD DQG OL YUWHHP DA@QAPfAWRQWDQWLEDWO\ VLIQL,FDQW
tory of chronic diseases. A 2016 study by Schottker

7TDEOH
Study

Health and Retirement
Study, Li et al.
(2019)°

Description

15,869 participants, median
age 64 (range 50-101); me-
dian follow-up 5.8 years

ORUWDOLW\ GDWD IRU ORZ +E$ F OHYHOV LQ SHRSO

Findings

Hazard ratio 1.60 (1.21-2.07, 95% CI)
and 1.30 (1.02-1.65, 95% ClI) for very low
(<4.88%) and low (4.88%-5.02%) HbAlc
where reference HbAlc is > 5.02% and
<5.38%

ZLWKRXW C

Systematic review and
meta-analysis,
Cavero-Redondo et al.
(20171t

46 studies, age range 25
to 90; sample sizes ranged
from 78 to 548,808

Hazard ratio 1.19 (1.04-1.36, 95% CI) for
HbA1c level < 5% where reference HbAlc
is 5.0% to 6.0%

Meta-analysis from six
cohort studies,
Schottker et al.
(2016)*®

6 population-based cohort
studies; 28,681 participants,
age> 50

After adjusting for confounding factors
(race/ ethnicity, alcohol consumption,
%0, DQG ELRPDUNHUYV RI
anemia and liver function), very low
HbAlc (< 5%) was not found to be associ
ated with increased mortality with a HR of
1.1 (0.9-1.2, 95% Cl)

|l URQ GH¢FLF

NHANES study,
Carson et al.
(2010)*°

NHANES lll, 14,099 partici -
pants, age> 20

An HbAlc < 4.0% vs. 5.0% to 5.4% was as
sociated with an increased risk of all-cause
mortality, hazard ratio 2.9 (1.45 to 9.63,
95% CI)
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Our analysis of the NHANES data is shown in Figure

3 (page 48). The hazard ratio for HbAlc levels of

< 5% for people without diabetes was 1.19 (1.11-1.28,

95% CI). After adjusting for common confounding

IDFWRUV WKH KD]DUG UDWLR UHPDLQHG VLIJQL{FDQW LQ RXU
analysis. (Note: We used NHANES data consisting of

nine waves of surveys including the most recent mor-

tality update. The NHANES analyses listed in Table

8 (page 49) covers only the third wave of NHANES.)
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hyperlipidemia, low HDL or hypertriglyceridemia. In Notes

our analysis using a multivariate Cox model, we found 1. Stout RL, et al. Relationship of HbAlc to mortality in nonsmoking
HbA1c levels, systolic blood pressure and BMI all have

their own independent impacts on mortality. This

supports the idea that the combined mortality impact

would be stronger than for each risk factor alone.

Consistent with many other earlier studies, we also
found a low HbAlc test result (< 5%) is associated
with elevated mortality. The reason for the correlation
between low HbAlc and higher mortality is unclear;
more studies are needed to better understand the
cause. When assessing an applicant with low HbAlc, it
is important for underwriters to consider the possibil -
ity of serious underlying causes, including liver dis-
ease and blood disorders such as thalassemia major,
spherocytosis and aplastic anemia. In the absence of
any obvious cause, and assuming a well-documented
medical history is available, a cautious approach is
suggested, given potential mortality implications at
these low levels.

+E$ F 6WLOO +LWWLQJ 7KDW 6ZHHW 6SRW

7KH OLWHUDWXUH UHYLHZ DQG RXU DQDO\WLV FRQ¢UPHG
HbA1c testing is indeed a useful blood test for mortal-

ity risk assessment. From a mortality perspective, our

analysis shows that even after adjusting for commonly

recognized confounding factors, mortality increases

by 11% for each 1% increase in HbAlc, after excluding

subjects with HbAlc < 5%.

While HbAlc is used to detect non-disclosure of
diabetes and undiagnosed diabetes, it can also play a
role in assessing pre-diabetes. In addition, low HbAlc
levels can alert underwriters about the possibility of
serious underlying disorders.

HbAlc testing has potential value as a mortality
biomarker. When used selectively, HbAlc testing
remains a useful tool in an underwriter’'s armory and
continues to provide good value.
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