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Objective.–—This study used the Impairment Study Capture
System (ISCS) to examine the relationship between mortality and
body mass index (BMI) in an insured population, particularly BMI
in isolation from other risk factors.

Background.–—Large-scale studies of build in an insured
population have traditionally been done on policies issued at
standard premium rates. Insured mortality experience on elevated
BMI is scarce or outdated. Increasingly competitive underwriting of
build throughout the years has influenced what has been issued
standard, and therefore, the relative experience of substandard to
standard business.

Methods.–—We studied 241,966 policies submitted through the
ISCS between 1989 and 2003 with actual height and weight and
a code signifying abnormal build. Actual BMI were derived for
these insureds. The average BMI was 35.0. Standardized mortality
ratios (SMR) were computed using the 2001 Valuation Basic
Table (VBT) as the expected basis. The average duration of
exposure was 2.5 years. Results were stratified by underwriting
factors of interest.

Results.–—Standardized mortality ratios rose quite modestly as
BMI increased up until reaching severe obesity. Ratios for
nonsmoker policies where elevated build was the only impairment
saw SMR of 265% at BMI ,18.5, 130% at BMI 30.0–34.9, 160% at
BMI 35.0–39.9 and 239% at BMI $40.0. Ratios where other
impairments were present tended to be higher in moderately obese
ranges and lower at extremely obese ranges. No underwriting
factor of significance impacted the pattern of ratios as BMI
increased.

Conclusions.–—While an average of 3 years may not be long
enough to see the true manifestations of obesity, excess mortality
is exhibited at low and high BMI ranges, especially when seen
in isolation. The study is not a direct comparison of obese to
non-obese subjects, but it is a point of reference for how obese
insureds have fared vs standard issued policies. The relatively
favorable experience may have more to do with the construction
of the (standard) VBT table than any mitigating effect of modest
obesity.
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INTRODUCTION

An acknowledged obesity epidemic is
reported almost daily in the scientific,1

business,2 trade,3 and clinical press.4,5 More
importantly, the association of obesity with
potentially decreasing life expectancies has
become publicized.6 Demonstrated comor-
bidity with hypertension,7 diabetes,8 coro-
nary heart disease,9 sleep apnea,10 and
several cancers11 clearly make obesity a con-
cern in underwriting. The effect of obesity in
isolation should not be overlooked however.
The insured population may be thought of as
screened already for the severest of preexist-
ing conditions and thus may provide the
most credible estimates of obesity-related
mortality in otherwise healthy people.

Conceptually, obesity is defined as an
excessive accumulation of body fat. In the
absence of actual anthropometric measure-
ments, body mass index (BMI) is widely
accepted to be the best proxy for obesity and
is the parameter recommended in the Na-
tional Institutes of Health Clinical Guidelines
on the Identification, Evaluation, and Treat-
ment of Overweight and Obesity in Adults.12

A person’s BMI is found by dividing weight
in kilograms by height in meters squared.
Classification of BMI is shown in Table 1.

BMI, or its less specific historical namesake
‘‘build,’’ has been used in life insurance
underwriting for over 100 years.13 Masked
by a high correlation with tuberculosis, un-
derweight insureds were originally thought
to present the worst mortality risk. With the
containment of TB in the middle of the 20th

century, the adverse effect of being over-
weight or obese was more readily recognized.

This study fills a long-standing gap in
examination of build or BMI in insured lives.
The large-scale Society of Actuaries 1959
Build and Blood Pressure Study14 and 1979
Build Study15 are considered the hallmark
studies of insured lives but focused pre-
dominantly on standard issues and weights
within 25% of average. Those studies, col-
lectively, covered experience of 1935–1972,
a period when a mere 10% of American men

could be classified as obese. In 1999–2002
that percent for all adults was estimated to
be 30%.16

METHODS

Analysis was performed on the total
mortality experience of 241,966 insured lives
submitted by 17 participating Impairment
Study Capture System (ISCS) insurance
companies. The policies were issued at
standard or substandard premium rates
between 1989 and 2003 policy anniversaries
and followed for up to the first 10 annual
policy durations. BMI was calculated for
each participant. MIB practice calls for report
of height and weight only if abnormal build
affects the mortality risk assessment. There-
fore, the majority of the study population is
either underweight or obese. Few policies
had normal BMI (18.5–24.9) or overweight
BMI (25.0–29.9), which are predominantly
accepted as standard. BMI .55 was excluded
because such extreme values are rare and
possibly result from coding errors. Table 2
shows distributions of BMI ranges by key
study variables.

Expected deaths were based on the 2001
Valuation Basic Tables (2001 VBT) created by
the Society of Actuaries (SOA) Individual
Life Insurance Valuation Mortality Research
Task Force (Task Force) and published in its
November 2001 report.17 The experience
studies underlying the 2001 VBT are based
on fully underwritten policies and specifi-
cally exclude substandard policies. Issue age,
duration and smoker specific VBT mortality
rates were used to calculate expected deaths.
If the smoking status of the insured was

Table 1. Classification of BMI

Classification BMI Obesity Class

Underweight ,18.5

Normal 18.5–24.9
Overweight 25.0–29.9

Obesity 30.0–34.9 I

35.0–39.9 II

Extreme obesity $40.0 III
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unknown, the composite version of the 2001
VBT is used.

SMR and approximations to exact 95%
confidence intervals were computed using
accepted methods.18 Comparisons between 2
BMI range SMR should strictly be made only
when there is evidence of homogeneity of
gender-age SMR within the 2 BMI ranges.
Appendix A is a comprehensive summary of
analytic results. Appendix B addresses the
use of a chi-square test of homogeneity first
suggested for this purpose in studies of
occupational mortality.19 The test is not
appropriate for groups where the number of
expected deaths is 5 or less, and so this paper
does not address the comparability of normal
BMI range SMR as numbers of deaths in any

gender-age grouping are consistently below
this threshold. There was no need to address
non-homogeneity although methods exist for
standardizing inter-SMR comparisons.20

RESULTS

The overall SMR in the study was 151% of
the 2001 VBT with a 95% confidence interval
(95% CI) 141%–160%. (Table 3)

By BMI Range

A ‘‘U’’ shaped pattern of mortality
emerged across the specified BMI ranges.
Underweights (SMR 211%, 95% CI 161%–
271%) and the extremely obese (SMR 186%,

Table 2. Distribution of Exposures and Deaths by BMI Ranges for Key Variables Included in Study

Overall Male Single Impairment Standard

Exposure
Years

% All BMI

Exposure
Yrs Deaths

% All BMI

Exposure
Yrs Deaths

% All BMI

Exposure
Yrs Deaths

% All BMI

Exposure
Yrs Deaths

BMI 15.0–18.5 38,804 6% 60 2% 16 8% 43 9% 51
BMI 18.5–24.9 18,968 3% 23 1% 9 4% 15 5% 19

BMI 25.0–29.9 12,272 2% 19 2% 10 2% 7 3% 12

BMI 30.0–34.9 213,689 35% 360 48% 236 34% 182 46% 252

BMI 35.0–39.9 238,760 40% 391 38% 186 39% 214 34% 171

BMI 40.0–55.0 79,781 13% 134 9% 41 13% 77 4% 27

Total 602,274 987 498 538 532

% of Overall 100% 100% 46% 50% 70% 55% 65% 54%

Table 3. Standardized Mortality Ratio with 95% Confidence Interval and Excess Death Rate per 1000

Exposure Years Actual Deaths Expected Deaths SMR (%) 95% CI EDR

Overall 602,274 987 655 151 141–160 0.55

Table 4. Standardized Mortality Ratios with 95% Confidence Intervals, and Excess Death Rates per 1000 by

BMI Range

Exposure Years Actual Deaths Expected Deaths SMR (%) 95% CI EDR

BMI 15.0–18.4 38,804 60 28.5 211 161–271 0.81

BMI 18.5–24.9 18,968 23 15.0 153 97–230 0.42

BMI 25.0–29.9 12,272 19 15.5 123 74–191 0.28

BMI 30.0–24.9 213,689 360 258.2 139 125–155 0.48
BMI 35.0–39.9 238,760 391 265.7 147 133–162 0.52

BMI 40.0–55.0 79,781 134 71.9 186 156–221 0.78

ROUDEBUSH ET AL—MMLC – BUILD STUDY

169



95% CI 156%–221%) had similar mortality
ratios. Overall, the lowest mortality ratio was
observed in the overweight BMI range (SMR
123%, 95% CI 74%–191%) although based on
only 19 deaths. (Table 4)

SMR and their confidence intervals are
shown here for all BMI ranges. Wide
confidence intervals at normal and over-
weight BMI and narrower confidence inter-
vals at obese BMI are a natural consequence
of this being a study of builds of underwrit-
ing significance, where the vast majority of
deaths were observed. (Figure 1)

By Impairment Classification

The difference between mortality ratios for
policies with BMI as the only impairment
(SMR 146%, 95% CI 134%–158%) and those
that had one or more other impairments
(SMR 157%, 95% CI 143%–173%) was fairly
modest. The differences between single and

multiple impairment SMR became smaller as
BMI increased. (Table 5)

By Smoking Status

The difference between mortality ratios
for nonsmoker policies (SMR 162%, 95% CI
149%–175%) and smoker policies (SMR
128%, 95% CI 112%–146%) was appreciable,
keeping in mind the effect of smoking is
already adjusted for in the 2001 VBT.
(Table 6) Nonsmoker mortality ratios across
all BMI ranges were higher than those for
smokers. SMR for smokers were remarkably
flat across all BMI.

By Impairment Classification and
Smoking Status

A more pronounced U-shaped pattern by
BMI is seen when experience is isolated to
nonsmokers where BMI is the only impair-
ment. (Figure 2)

Figure 1. SMRs and 95% Confidence Intervals, Overall.

Table 5. Abnormal BMI by Impairment Status, Standardized Mortality Ratios with 95% Confidence Intervals and

Excess Death Rates per 1000

All
Underweight Obese Class I Obese Class II Extreme Obesity

BMI 15.0–18.5 BMI 30.0–34.9 BMI 35.0–39.9 BMI 40.0–55.0

SMR (CI) EDR SMR (CI) EDR SMR (CI) EDR SMR (CI) EDR SMR (CI) EDR

Single
Impairment

146 (139–158) 0.40 199 (144–268) 0.61 130 (127–166) 0.29 143 (124–163) 0.39 192 (151–240) 0.68

Multiple

Impairment

157 (131–173) 0.91 249 (145–398) 2.59 150 (129–174) 0.87 153 (131–177) 0.83 180 (136–233) 0.97
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This view of results is arguably the best
proxy for the true effect of obesity and so is
treated in detail here. For each pair wise
comparison of BMI ranges 15.0–18.4, 30.0–
34.9, 35.0–39.9, and 40.0–55.0, a test of
homogeneity was done to ensure an inter-
SMR comparison was appropriate (see Ap-
pendix B). For each pair of ranges, homoge-
neity was supported.

Based on a comparison then of confidence
intervals for Nonsmoker with Single Impair-
ment, the SMR for BMI 40.0–55.0 is not equal
to the SMR of BMI 30.0–34.9. Also, the SMR
for BMI 40.0–55.0 is not equal to the SMR for
BMI 35.0–39.9. The SMR for BMI 15.0–18.4 is
also not equal to the SMR for BMI 30.0–34.9.
Any other pairwise comparison of abnormal
BMI suggests no statistical difference in
SMR.

In the presence of other impairments the
pattern is much flatter by increasing BMI.
(Figure 3)

By Rating

Substandard rated policies exhibited ap-
propriately higher mortality ratios (SMR
180%, 95% CI 164%–197%) over policies
accepted at standard rates (SMR 132%, 95%
CI 121%–144%). (Table 7) The difference
became smaller as BMI increased. The best
explanation for this convergence is that more
substandard experience is comprised of
multiple impairment contributions, and as
seen above, multiple and single impairment
SMR converge at higher BMI. Underwriting
appeared to be able to select the better
risks in the midranges but was less effective
at the extremes in policies taken at standard
rates.

By Gender

Overall, mortality ratios for males (SMR
156%, 95% CI 142%–170%) and females (SMR
146%, 95% CI 133%–160%) were virtually

Table 6. Abnormal BMI by Smoking Status, Standardized Mortality Ratios with 95% Confidence Intervals and

Excess Death Rates per 1000

All
Underweight Obese Class I Obese Class II Extreme Obesity

BMI 15.0–18.5 BMI 30.0–34.9 BMI 35.0–39.9 BMI 40.0–55.0

SMR (CI) EDR SMR (CI) EDR SMR (CI) EDR SMR (CI) EDR SMR (CI) EDR

Nonsmoker 162 (149–175) 0.61 277 (195–382) 1.09 145 (127–166) 0.49 159 (140–180) 0.59 215 (173–264) 0.90
Smoker 128 (112–146) 0.45 154 (66–304) 0.67 141 (107–182) 0.44 148 (113–190) 0.33 144 (82–234) 0.62

Unknown 211 (161–271) 0.45 211 (161–271) 0.30 211 (161–271) 0.44 211 (161–271) 0.48 211 (161–271) 0.41

Figure 2. SMRs and 95% Confidence Intervals, Nonsmoker with Single Impairment.
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identical. Male SMR were higher except at
BMI $40.0. (Table 8)

By Issue Age

Mortality ratios by issue age were re-
markably consistent with the overall pattern.
(Table 9)

By Policy Duration

Mortality ratios were highest overall in
policy durations 1–2 and especially so for

underweights (SMR 278%, 95% CI 192%–
388%) and extremely obese (SMR 227%, 95%
CI 177%–286%). (Table 10)

DISCUSSION

The notion of a ‘‘J’’ or ‘‘U’’ shaped
mortality curve when plotted against BMI
corresponds to extra mortality associated
with the very lean, as well as very obese.
The pattern is widely reported to exist

Figure 3. SMRs and 95% Confidence Intervals, Nonsmoker with Multiple Impairments.

Table 8. Abnormal BMI by Gender, Standardized Mortality Ratios with 95% Confidence Intervals and Excess Death

Rates per 1000

All

Underweight Obese Class I Obese Class II Extreme Obesity

BMI 15.0–18.5 BMI 30.0–34.9 BMI 35.0–39.9 BMI 40.0–55.0

SMR (CI) EDR SMR (CI) EDR SMR (CI) EDR SMR (CI) EDR SMR (CI) EDR

Male 156 (142–170) 0.65 227 (129–368) 1.57 149 (131–169) 0.59 157 (136–182) 0.65 173 (124–235) 0.71

Female 146 (133–160) 0.47 205 (149–398) 0.68 124 (103–174) 0.30 139 (121–177) 0.43 193 (156–233) 0.81

Table 7. Abnormal BMI by Rating, Standardized Mortality Ratios with 95% Confidence Intervals and Excess Death

Rates per 1000

All
Underweight Obese Class I Obese Class II Extreme Obesity

BMI 15.0–18.5 BMI 30.0–34.9 BMI 35.0–39.9 BMI 40.0–55.0

SMR (CI) EDR SMR (CI) EDR SMR (CI) EDR SMR (CI) EDR SMR (CI) EDR

Standard
Rating

132 (121–144) 0.33 200 (149–263) 0.69 126 (111–143) 0.29 125 (107–145) 0.26 188 (124–274) 0.81

Substandard

Rating

180 (164–197) 0.96 302 (138–573) 3.44 184 (151–223) 1.38 171 (149–195) 0.85 186 (152–225) 0.77
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among many risk factors such as blood
pressure21 and cholesterol.22

Nonsmokers with no adjunct impairments
perhaps afford the cleanest look at mortality
from isolated elevated BMI. The effect of
increasing BMI here appears to be positively
correlated with increasing SMRs. The more
pronounced effect on nonsmokers is consis-
tent with results in both population23 and
insured studies.24

When other impairments and smoking are
introduced, SMRs are higher for moderate
obesity and lower for the extremely obese
than in the nonsmoker, single impairment
experience. This may suggest BMI acts more
as a threshold function in these cases, where
other impairments and smoking trump the
effects of mild obesity but at some point
around a BMI of 35, the effects of obesity take
over. While lower SMRs in smokers may
have more to do with the intricacies of the
2001 VBT, it may also suggest a counterintu-
itive notion – that smoking confers a constant,
additive hazard as opposed to the widely
accepted belief that it exhibits itself as a pro-
portional hazard. This may be even more
plausible in early durations.

With average policy duration of 2.5, it is
unlikely that all the harmful effects of obesity
would have time to play out, although the
effects of extreme underweight might be
expected to be more acute in the presence of
say, occult cancer. Indeed, higher SMRs were
seen in early durations for underweights.

Underweights consistently exhibited SMRs
greater than those of the extremely obese. The
only subset where this relationship did not
hold was issue ages under 30. Female
underweights fared slightly better than male
underweights. The underwriting process
appears to identify the riskiest of the un-
derweight population as those that were
substandard had an SMR of 302% vs 200%
for those accepted standard. However, the
200% SMR in the standard issue group
suggests a need for additional underwriter
education and vigilance in evaluating appli-
cants who are significantly underweight.

This study supports the assertion that life
insurance risk classification has historically
been lenient on elevated BMI. For policies
where abnormal build was the only noted
impairment, 66% of all exposures still came
from policies rated standard. Even at BMI

Table 9. Abnormal BMI by Issue Age, Standardized Mortality Ratios with 95% Confidence Intervals and Excess

Death Rates per 1000

Issue Age

All
Underweight Obese Class I Obese Class II Extreme Obesity

BMI 15.0–18.5 BMI 30.0–34.9 BMI 35.0–39.9 BMI 40.0–55.0

SMR (CI) EDR SMR (CI) EDR SMR (CI) EDR SMR (CI) EDR SMR (CI) EDR

20–39 151 (132–172) 0.22 183 (112–183) 0.28 139 (109–173) 0.19 137 (108–170) 0.16 209 (149–286) 0.43
40–59 153 (140–168) 0.76 224 (131–359) 1.85 147 (127–169) 0.69 153 (133–176) 0.74 175 (134–223) 0.94

$60 146 (130–165) 2.52 230 (146–356) 9.00 128 (104–156) 1.57 145 (120–174) 2.37 187 (127–265) 4.09

Table 10. Abnormal BMI by Duration, Standardized Mortality Ratios with 95% Confidence Intervals and Excess

Death Rates per 1000

Durations

All

Underweight Obese Class I Obese Class II Extreme Obesity

BMI 15.0–18.5 BMI 30.0–34.9 BMI 35.0–39.9 BMI 40.0–55.0

SMR (CI) EDR SMR (CI) EDR SMR (CI) EDR SMR (CI) EDR SMR (CI) EDR

1–2 167 (152–184) 0.52 278 (192–388) 1.03 143 (120–168) 0.36 159 (136–184) 0.46 227 (177–286) 0.83

3–5 136 (122–151) 0.47 128 (108–151) 0.44 136 (115–160) 0.41 172 (133–176) 0.50 175 (134–223) 0.80
6–10 147 (127–172) 1.10 194 (146–356) 0.97 163 (104–156) 1.51 153 (120–174) 1.09 136 (127–265) 0.32

ROUDEBUSH ET AL—MMLC – BUILD STUDY

173



$35.0, 41% of experience was rated
standard. An unknown portion of these
could be due to credits from other under-
writing factors.

The modest, although essentially non-
overlapping, mortality difference between
standard and substandard rated business
speaks both to the modest additional mor-
tality for higher BMI and to the fact that
marginal BMI accepted at standard rates
experience worse than the average standard
mortality. Colloquially known as the ‘‘Will
Rogers effect,’’ this explains how raising the
threshold for classifying disease can have the
effect of making the newly ‘‘diseased’’
population compare favorably with a new
‘‘non-diseased’’ population that is in fact not
as healthy as before the change in classifica-
tion.25 During the period from which the
VBT was constructed (1995–2000), BMI of
37.5 were commonly accepted as standard,
unless complicated by other impairments.

Three percent of the study’s contribution is
from clinically normal BMI. While 27% of
these records have an associated code for
recent weight loss, and thus of underwriting
significance, it is not clear the source of the
remainder. Other significant underwriting
factors may have been coded on these
policies, prompting underwriters to code
the BMI in addition. The inclusion of these
records is more for completeness than an
attempt to study normal insured BMI.

As is true of any insured lives study,
results are not generalizable for clinical,
medical, or public health purposes. As
implied, the construction of the 2001 VBT
itself could have as big an impact on the
pattern of SMR as the actual experience itself,
to the extent that it included an ever
‘‘expanding’’ standard insured population.

COMPARISON WITH 1979 BUILD STUDY

The landmark 1979 Build Study examined
the mortality experience between 1935 and
1972 of nearly 4.2 million policies issued to
individuals in ‘‘ostensibly good health who

did not have any significant health impair-
ments other than (build).’’ Substandard issues
comprised only 5% of experience. Remark-
ably, the study included some 106,000 deaths.

Direct comparison of the 1979 study to the
current study is difficult for a number of
reasons:

N The 1979 study excluded all but minor
adjunct impairments, essentially leaving
the equivalent of Single Impairment expe-
rience, using this study’s terminology.

N The 1979 study enjoyed a lengthy follow-up
period and is not reported in enough detail
to adjust for durational effect on results
between the two studies. In general, dura-
tion 1–5 experience in the 1979 study had
lower mortality ratios than later durations.

N The 1979 study combined standard and
substandard issues by a predetermined 4
to 1 ratio to match the prevailing mix of
business in the industry at the time.
Standard experience was not reported
separately.

N The two study populations span experi-
ence that is potentially 50 years apart, and,
accordingly, the two studies used different
tables as their standard bases making
comparison of mortality ratios wildly
speculative. A reconciliation of the 1954–
1972 Basic Table and the 2001 VBT is
beyond the scope of this paper.

Comparison is also made difficult in that
actual height and weight measurements of
applicants are used in the current study -
allowing for the calculation of BMI. Whereas,
in the 1979 study, only codes signifying
ranges of height and weight were tabulated.
A code signifying heights of 5970 to 59100

with a code signifying weights of 235–244 lbs
could result in a BMI of anywhere from 33.8
to 38.3. Taking the midpoints of each of these
ranges would result in a BMI of 36.0.

In a guarded attempt to compare results of
this study to the 1979 Build Study, we
grouped the 1979 study into BMI ranges
based on the midpoints of the height/weight
code combination reported in that study. By
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that method, there were over 30,000 policies
terminated by death issued at a BMI .30.

Results for obese males, issued at ages 20–
69, are compared in Table 11. It is interesting to
note that SMR are not all that dissimilar to their
contemporaneous insurance standard basis in
each study, except for the extremely obese.

CONCLUSION

Insurance selection and classification un-
doubtedly have a mitigating effect on mor-
tality due to excess obesity. In this study, the
effect of obesity is most pronounced when in
isolation, which might be expected of a co-
hort essentially screened of other disease.
Compared to the 2001 VBT, extra mortality
exhibited ranges amounting to roughly 25%–
75% extra in the obese and 75%–150% extra
in underweights and the extremely obese.

Even in the shortest of follow-up dura-
tions, there was excess mortality, particularly
for underweights and the extremely obese.
The pattern of mortality ratios by BMI was
not materially different by any significant
underwriting factor.

Without detailed knowledge of how much
the experience underlying the 2001 VBT was
tainted by insured obesity during the 1990s,
it is difficult to say how the patterns of
mortality are affected in this study when
compared to that standard basis.

While this study bridges the long-standing
gap in studies of build for insured lives, it

highlights the ongoing need for more exten-
sive research. The dearth of large scale
mortality investigations has forced reliance
on studies, like this one, that have a mere
fraction of the number of exposures and
deaths compared to historical, sweeping
investigations.
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APPENDIX B.

F or each pairwise comparison of BMI
ranges 15.0–18.4, 30.0–34.9, 35.0–39.9,

and 40.0–55.0, the test statistic

X2 ~

PP
(A1ij { SMR � E1ij)

2 z (A2ij { SMR � E2ij)
2

PP
(SMR � E1ij z SMR � E2ij)

was computed, where SMR is the pooled
SMR of the two BMI ranges, A denotes actual
deaths, E denotes expected deaths and Nij is

the index for the Nth BMI range, the ith
gender and jth issue age group. This statistic
can be compared to a chi-squared (X2)
distribution with five degrees of freedom,
corresponding to (r21)*(c21) where r is the
two ranges, and c is the 6 gender-age cells. In
general it appears comparison of any two
abnormal BMI range SMRs is appropriate as
a X2 value greater than 6.63 is needed to reject
homogeneity at even the 75% confidence level.

Values of X2 in pairwise comparisons of BMI SMR

homogeneity, Nonsmoker with Single Impairment

BMI range 30.0–34.9 35.0–39.9 40.0–55.0

15.0–18.4 1.11 1.64 0.94

30.0–34.9 1.33 1.76

35.0–39.9 1.84
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