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Currently, 3.6% of samples processed by Clinical 
Reference Laboratory (CRL) are urines col-
lected without blood that are typically associ-

ated with lower face amount business (average face 
amount is $194,500). Such business rarely requires 
routine medical records; for-cause medical records 
or additional testing is uncommon. Though the un-
derwriting of most urine tests (regardless of whether 
blood is or is not included) may not vary, urine glu-
cose is an exception. When blood is available, serum 
glucose, glycated protein (such as fructosamine) or 
a refl exed HbA1c helps in making a decision. When 
blood results are absent, more reliance must be placed 
on the urine glucose results.

Glucose may appear in the urine as a result of epi-
sodic or chronic serum glucose elevation, or because 
that applicant’s "renal threshold" for spilling sugar 
into the urine is exceeded. The average threshold for 
serum glucose spilling into the urine is around 160 
mg/dL, but varies widely; it might be as low as 120 
to 130 mg/dL or range much higher.1

How much mortality risk is actually associated with 
glucose in the urine, referred to as glucosuria or gly-
cosuria? Do positive tests for urine glucose indicate 
chronically elevated serum glucose levels suffi cient to 
elevate the HbA1c to 6% or higher (increasing mortal-
ity risk), or do most of these positive urine tests for 
glucose simply represent applicants with low renal 
thresholds for glucose (not increasing mortality risk)? 
At what level of glucosuria is mortality risk elevated? 
Such information is missing from the medical litera-
ture where glucosuria has long been an indication for 
evaluation of serum glucose, but is not further used 
for risk stratifi cation.

How the Study Was Done
The authors conducted a study using CRL’s data 
to answer these questions. In this study, 1,857,902 
insurance applicants age 20 and up who were tested 
from 1993 to 1997 were followed up for mortality in 
2007 using the Social Security Death Master File. 
There were 61,200 deaths, and median follow-up was 
12 years (range 0 to 14 years).

Mortality ratios were calculated with Cox regression 
comparing those without glucosuria (the reference 
group) to those with various levels of glucosuria based 
on the 1993-1997 study population. Mortality ratios 
were calculated separately for men and for women; 
each group was further split into two age bands (20 
to 59, 60+). The Cox regression analyses included age 
and level of glucosuria as variables. Analysis was also 
performed (not shown) using further age divisions 
but was not more informative than the two age bands 
reported in this study.

Unfortunately, no information regarding a self-dis-
closed history of diabetes was available for the 1993-
1997 study population, so a second group of 3,072,274 

GLUCOSURIA AS A MORTALITY RISK PREDICTOR WHEN BLOOD IS 
NOT COLLECTED

Executive Summary  A 12-year follow-up mor-
tality study of 1,857,902 insurance applicants 
tested for urine glucose shows that increasing 
glucosuria is associated with increasing mortal-
ity risk, as well as increasing serum glucose and 
fructosamine levels. The mortality relationship is 
age-dependent but remains little changed when 
the analysis is limited to those who deny a history 
of diabetes. In situations where urine is the only 
body fl uid obtained, urine glucose levels are an 
effective risk predictor.
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applicants age 20 and up tested from 2003 to 2005 
(when this history was obtained) and followed to 
2008 was also studied. Because this second study 
population was tested more recently with a median 
follow-up of only 4 years, there were fewer deaths 
(19,624) contributing to the mortality ratio analysis.

We were unable to meaningfully split the 2003-2005 
analysis into demographic subgroups because of the 
small number of deaths within some subgroups. 
Analysis split by history of diabetes was conducted 
using Cox regression including age, sex and level of 
glucosuria as variables. Because of fewer deaths and 
a shorter follow-up duration, results from this more 
recent study population should be considered only 
as a supplement (contributing information about 
history of diabetes) and confi rmation of the earlier, 
larger 1993-1997 population study.

Finally, median values for both serum glucose and 
fructosamine were compared to urine glucose fi nd-
ings based on the 1993-1997 applicant population.

What the Study Found
Table 1 shows the relative mortality by urine glucose 
level obtained using Cox regression analysis split by 
the four demographic subgroups. It demonstrates 
that glucosuria presents a substantial extra mortality 
risk. The relative risk increases further as the urine 
glucose level increases, but at a slower rate for urine 
glucose values >.5 g/dL.  Even for glucosuria <=.5 g/
dL, the mortality ratio exceeded 150% for all demo-
graphic subgroups.

We found differences in the magnitude of extra mor-
tality associated with glucosuria between the sexes 
and by age. These differences are very similar to what 
we found in our analyses of mortality risk associated 
with HbA1c results.2 The relative mortality impact is 
greater among those 20 to 59, and in this age group 
the impact is greater for women. The number of 
deaths and duration of follow-up were suffi cient to 
provide relatively narrow 95% confi dence intervals 
for all four demographic subgroups.

In the more recent 2003-2005 study population, 
we found that of all applicants with glucosuria, 34% 
also admitted a history of diabetes, 56% denied such 
history, and 10% did not answer the question. The 
median age of the total 2003-2005 study popula-
tion was 42 years, with 41 years as the median age of 
those denying a history of diabetes, and 52 years the 
median age of those admitting a history of diabetes. 
Table 2 looks at those applicants with glucosuria who 
denied a history of diabetes relative to those in this 
group who did not have glucosuria.

The Cox regression results shown in Table 2 included 
age and sex as variables in the analysis. The results 
are very similar in magnitude to the relative mortality 
seen at ages 60+ in Table 1, and only slightly less than 
those seen for ages 20 to 59. Applicants who deny 
a history of diabetes would presumably include all 
those who might have normal serum glucose levels 
and a low renal threshold for spilling glucose into 
the urine. Based on the mortality ratios, most of this 
group was likely to have had elevated serum glucose 
levels because excess risk was present, rather than a 
low renal threshold which would not likely be associ-
ated with excess mortality.

This 2003-2005 study population also allowed us 
to look at the mortality impact of glucosuria when 
a history of diabetes is admitted, using Cox regres-
sion analysis including urine glucose level, age and 

Explanation of Cox Regression

The mortality analysis in this study was done by 
using Cox regression (Cox proportional hazards) 
which is the most commonly used outcome model-
ing tool in medical research. It is popular because 
it: (a) views the outcome of interest (death in this 
case) by duration so all entrants (i.e., insurance 
applicants who were tested over many years and 
might have died in the interim) can be included 
together; and (b) allows for entering multiple 
variables such as age, sex and laboratory results, 
creating proportional hazard ratios indicating the 
relative contribution of each variable to the out-
come. It enables one to draw useful conclusions 
using limited numbers of lives who joined the study 
at various points, and who have multiple condi-
tions that may also affect the outcome in addition 
to the variable in question.

Cox regression creates an average risk (hazard 
ratio) for death or other endpoint across all the 
lives studied. If the impact of the test actually 
varies by age and sex, unless the study is split into 
separate analyses, the differences will be lost. It 
also requires that the variables be independent of 
one another to correctly apportion risk. Obviously, 
many potential variables are not independent, 
such as age and average serum blood sugar; as age 
increases, so does average serum glucose. This can 
be overcome (but only if recognized) by splitting 
the analysis into different bands of sex, age, etc. 
Wide 95% confi dence intervals for resulting hazard 
ratios (including mortality ratios) are the result of 
insuffi cient numbers of outcomes (i.e., deaths) oc-
curring. Other limitations apply as well.
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sex as variables. The relative risk compared to those 
admitting to diabetes but without glucosuria (3/4 of 
the group) was approximately 150% for those with 
urine glucose >0 to .5 g/dL, 200% for those >.5 to 3 
g/dL, and 275% for those >3 g/dL.

Figure 1 above confi rms that increased risk (as mea-
sured by survival over time) is stable from the fi rst 
year through the 14th year of follow-up. Because 
each survival curve (representing a particular level 
of glucosuria) maintains a consistently proportional 
distance from other curves for each year of follow-
up, a single mortality ratio adequately represents 
the risk for all durations after testing. Figure 1 also 
shows the large differences in survival between those 
without glucosuria, those with glucosuria 
in the range of >0 to .5 g/dL, and all those 
with higher levels where mortality is very 
similar.

Figure 2 (right) provides a comparison 
of urine glucose levels and correspond-
ing median values for serum glucose and 
fructosamine, which increase in tandem. 
However, because of variability in factors 
affecting serum glucose levels (time of day, 
time of last meal, renal threshold, and time 
to separating off the serum), the associa-
tion of these fi ndings in any particular ap-
plicant may often be different.

The lowest level of glucosuria correlates 
with a fructosamine level of approximately 

2 mmol/L and a serum glucose of around 100 mg/
dL. This suggests that glycolysis associated with 
delayed centrifugation of the blood is common, 
which results in artifactually low serum glucose 
levels. Fructosamine standardization also varies by 
laboratory and may vary between that in use during 
the study and current results.

What Do the Study Results Contribute to Risk 
Assessment?
This is the fi rst study known to the authors that 
looks at mortality associated with various levels of 
glucosuria. Since some insurance products require 
only a urine sample (with no further evaluation pos-
sible because there is no subsequent blood draw), an 
understanding of this relationship is vital.

Glucosuria alone (without further investigation) is 
associated with substantial extra mortality across 
age and sex, with a greater impact at younger ages. 
The degree of excess mortality can be grouped by 
level of glucosuria (>0 to .5 vs. >.5 g/dL) and by age 
(20 to 59 vs. 60+) with small differences by sex. On 
an aggregate basis, there is a clear linkage to both 

serum glucose and fructosamine levels, with higher 
degrees of glucosuria being associated with higher 
levels of both.

Mortality associated with glucosuria when a history 
of diabetes is denied by the applicant is not much 
different than mortality with glucosuria when no his-
tory is taken; both are markedly elevated. Clearly the 
vast majority of those with glucosuria have elevated 
serum glucose on a recurrent basis, rather than a low 
renal threshold for glucose. For those who do admit to 
diabetes, the urine glucose can also be helpful in risk 
discrimination if no other data is available.
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