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Objective: We aimed to assess if the gap in mortality between adults with and without diabetes
has widened over time in US adults.

Methods and study design: This cohort study included 44,041 adults with diabetes from the
US National Health Interview Survey between 1986 and 2009 linked to the National Mortality
Index data up to 2011. Each participant with diabetes was matched to two participants without
diabetes by age, sex, race, survey year, and region of residence (88,082 persons without diabetes).
Mortality differences and hazard ratios were calculated for different time periods defined by
three methods, according to 1) survey years with original follow-up durations, 2) follow-up
calendar years, and 3) survey years with a fixed 3-year follow-up duration.

Results: Different methods of defining time periods produced substantially different mortality
rates and changing patterns over time. The decline in mortality was higher when time periods
were defined according to survey years with original follow-up durations than with the fixed
3-year duration. Different time periods had comparable baseline and attained ages only when
the fixed duration was used. With this method, the gap between adults with and without diabe-
tes progressively decreased from 224 (95% confidence interval 188-260) in 1992—-1994 to 99
(65-132) per 10,000 person-years in 2007-2009. Hazard ratios declined significantly from 2.12
(1.88-2.38) in 1995-1997 to 1.70 (1.44-2.00) in 2007-20009.

Conclusion: The decline in mortality over time was greater among adults with diabetes than
those without diabetes. The gap in mortality between adults with diabetes and those without
diabetes significantly narrowed in recent years, and was more than halved over the last 15 years.
Keywords: survival, matching, confounding, National Health Interview Survey, time trend

Introduction

The prevalence of diabetes has increased worldwide since 1980.! The global diabetes
epidemic continues to grow and it is expected that diabetes will affect >500 million
adults by 2030.2 Adults with diabetes have a higher mortality than those without
diabetes.>"'” Although previous studies reported a fall in mortality in adults with
and without diabetes,® !9 it is still not known if the gap between adults with and
without diabetes has been widening or narrowing over time. Two recent large studies
reported that adults with type 2 diabetes had smaller reductions in mortality over time
than their matched controls,** suggesting a widening gap in mortality between adults
with and without diabetes. Comparing mortality rates and time trends between adults
with and without diabetes based on observational survey data can be challenging. In
population-based survey or registry data, participants with diabetes are substantially
different in age, some demographic factors, and preexisting health conditions from
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those without diabetes in the general population.’ With large
population-based data available, an increasing number of
studies have individually matched participants with diabe-
tes to those without diabetes according to multiple factors
to assess the excess mortality associated with diabetes.>*%7
Such an approach improves the comparability between adults
with and without diabetes. However, previous matched
studies ignored another important aspect of assessing time
trends — the comparability among different time periods.
There have been mainly three different methods to define
time periods for assessing time trends in previous studies.>
First, time periods were grouped according to original survey
years and all participants of different survey periods were
followed up to the same time point for mortality outcome.*
Second, the time periods were divided according to follow-
up calendar years.* Third, the time periods were divided
according to baseline survey years with a fixed follow-up
time for all time periods.’ It would be interesting to know if
the different methods produce similar results on mortality
time trends. Applying all three methods to the US National
Health Interview Survey (NHIS) data of 24 years, we aimed
to investigate the time trends in all-cause mortality in adults
with diabetes as compared with individually matched persons
without diabetes. We assessed whether the gap in mortality
between US adults with and without diabetes widened (or
narrowed) over time.

Methods and study design

Study design and data sources

This matched cohort study included 44,041 patients with
diabetes and 88,082 persons without diabetes from the
public-use NHIS data (1986-2009) which were linked to
death records in the National Death Index through December
31, 2011.% Data from the NHIS are weighted to account
for different probabilities of selection and for nonresponse
and are post-stratified to census control totals in order to
provide estimates for the US civilian, noninstitutionalized
population. More details of the NHIS design, methodology,
and weighting have been published elsewhere.?'?> Among
1,156,032 original participants aged 20—84 years, 1,136,316
with sufficient identifying data were eligible to be linked
to mortality events during the follow-up period.?’ In the
original survey, the presence of diabetes was determined by
asking participants if a doctor or other health professional
had ever told them that they had diabetes. A total of 45,160
participants were identified as having diabetes at the baseline
survey. Mortality status and date of death were recorded in
the linked public-use death records.

Based on a matched study design, each adult with diabetes
was individually matched to two persons without diabetes
according to five variables — age, sex, survey year, race, and
region of residence. Participants were divided into three racial
groups — white, black, and others as in a previous study.”
There were four regions of residence — Northeast, Midwest,
South, and West. Within each matched set, two persons
without diabetes had the same gender, race, survey year, and
region of residence, and were closest in age within 2 years
as the person with diabetes. When more than two identical
eligible persons without diabetes for one case were identified,
only two participants were randomly selected.

Statistical analysis

To assess time trend, we divided the time between 1986 and
2009 into eight periods: 1986—1988, 1989—-1991, 1992-1994,
1995-1997, 1998-2000, 2001-2003, 2004-2006, and
2007-2009. We used three different methods to categorize
the above time periods (Figure S1). In method 1, we catego-
rized time periods according to baseline survey years with
original follow-up durations. The follow-up time for each
participant was the difference between the baseline survey
date and December 31, 2011 if still alive or the date of death
for those who died before December 31, 2011. In method
2, time periods were categorized according to follow-up
calendar years. In this case, the data from one individual
could contribute to multiple periods during the follow-up.
Both methods 1 and 2 have been used previously in matched
studies.>* In method 3, we categorized time periods accord-
ing to baseline survey years as in method 1, but with a fixed
follow-up duration of 3 years. The follow-up time was the
difference between the baseline survey date and the end date
of the 3-year duration for those who did not die within the
first 3 years of follow-up or between the survey date and the
date of death for those who died during the fixed follow-up
duration. Adults who died after 3 years of follow-up were
censored at 3 years.

We calculated differences and 95% confidence inter-
vals (Cls) in mortality for different time periods with the
1986-1988 period as reference. The gap in mortality between
adults with and without diabetes was measured by hazard
ratios and absolute risk differences. We calculated hazard
ratios and their 95% ClIs using Cox proportional hazard
regression for different time periods. Because those without
diabetes were selected according to the characteristics of
their individually matched participants with diabetes, the
matched design was taken into consideration when estimat-
ing hazard ratios by setting each matched set as a cluster in
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the Cox proportional hazard regression. In addition to the
matching variables, we also adjusted for other variables such
as smoking status, income, education, and marital status. The
interaction term between survey year as a continuous vari-
able and diabetes was used to test if the association between
diabetes and mortality changed over time for two periods:
before and after 1995. Absolute mortality risk differences
between participants with and without diabetes and 95% Cls
were calculated for different time periods. All analyses were
performed using Stata/SE 14.%* This project was approved
by the University of Queensland Behavioural and Social
Sciences Ethical Review Committee.

Results

Baseline characteristics and attained age
during follow-up

We successfully matched 44,041 (97.5%) adults with dia-
betes to 88,082 participants without diabetes. Table 1 shows
the distributions of baseline characteristics in adults with
and without diabetes. Those matched participants without
diabetes had the same sex, race, survey year, and region of

residence as the person with diabetes within each matched set.
They had the same age in years as the person with diabetes
in 96.7% matched sets, and were 1 year older or younger
than the person with diabetes in 3.3% matched sets. The
mean age was 60.2 years for both adults with and without
diabetes. Adults with diabetes had lower education and lower
income levels than those without diabetes. The proportion of
participants with cardiovascular disease was higher in those
with diabetes (39.7%) than those without diabetes (24.1%).

Baseline age and attained age during

follow-up

Although adults with and without diabetes had similar ages
at the baseline survey, their attained ages at the end of the
follow-up or the time of death varied substantially among
different time periods defined using method 1 (Table S1).
Participants in earlier time periods were older than those
who participated in more recent periods. Those without
diabetes were 14.3 years older in 1986—1988 (77.6 years)
than in 2007-2009 (63.3 years) while adults with diabetes
were 10.3 years older in 1986-1988 (73.9 years) than in

Table | Baseline characteristics of adults with diabetes and matched adults without diabetes

Persons with diabetes (N=44,041)

Persons without diabetes (N=88,082)

Age at baseline (years) 60.2+13.9*
Body mass index 30.1+6.8*
Men, n (%) 19,046 (43.2)
Race, n (%)
White 32,946 (74.8)
Black 9,453 (21.5)
Other 1,642 (3.7)
Survey year, n (%)
1986—1988 4,530 (10.3)
1989-1991 5,355 (12.2)
1992-1994 5,725 (13.0)
1995-1997 4,802 (10.9)
1998-2000 5,276 (12.0)
2001-2003 5,963 (13.5)
2004-2006 6,311 (14.3)
2007-2009 6,079 (13.8)
Region, n (%)
Northeast 8,036 (18.2)
Midwest 9,822 (22.3)
South 17,885 (40.6)
West 8,298 (18.8)
Smoker, n (%) 16,949 (56.1)
Married, n (%) 22,695 (51.6)
Education > high school, n (%) 17,880 (41.0)
Income > $35K, n (%) 11,068 (30.9)
Cardiovascular disease, n (%) 17,483 (39.7)
Cancer, n (%) 4,003 (9.1)

60.2+13.9%
26.8+5.4*
38,092 (43.2)

65,892 (74.8)
18,906 (21.5)
3,284 (3.7)

9,060 (10.3)

10,710 (12.2)
11,450 (13.0)
9,604 (10.9)

10,552 (12.0)
11,926 (13.5)
12,622 (14.3)
12,158 (13.8)

16,072 (18.2)
19,644 (22.3)
35,770 (40.6)
16,596 (18.8)
33,233 (54.6)
47,348 (53.8)
43271 (49.5)
29,552 (41.2)
21,247 (24.1)
7,726 (8.8)

Note: *Mean * standard deviation.
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2007-2009 (63.6 years). On the other hand, using method
2 to define time periods, participants in earlier time periods
were younger than those in more recent periods in both
“baseline” and attained ages. Only when we used method 3
to categorize time periods, participants among different time
periods had similar baseline ages and attained ages in both
groups (Table S1).

Mortality rates in different time periods

Among 44,041 adults with diabetes, 19,389 died during
423,824 person-years of follow-up. Among 88,082 partici-
pants without diabetes, 26,681 died during 985,583 person-
years of follow-up. The overall mortality rate was 457 per
10,000 person-years for adults with diabetes and 271 per
1,000 person-years for those without diabetes. Follow-up
details and mortality rates in eight time periods categorized
by the three methods are shown in Tables S2-S4. Apply-
ing different methods to categorize time periods produced
substantially different mortality rates and changing patterns
over time (Figure 1). Mortality rates decreased over time
in adults with and without diabetes using methods 1 and 3,
but not so when using method 2. Mortality rates decreased
faster over time when the time periods were categorized using
method 1 than using method 3 (Figure 2). When applying
method 1, mortality dropped to 361 (95% CI 331-391) per

With diabetes
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10,000 person-years in adults with diabetes and 222 (95%
CI 207-238) per 10,000 person-years from 1986-1988 to
2007-2009 in those without diabetes. When applying method
3, mortality rates dropped to a lesser extent with 217 (95%
CI169-264) per 10,000 person-years reduction in those with
diabetes and 100 (95% CI 75-125) per 10,000 person-years
reduction in those without diabetes. When using method 2,
there was no clear decreasing trend but mortality increased
in those without diabetes (Figure 2).

Trends in hazard ratios for mortality
associated with diabetes

Hazard ratios as a relative measurement of the gap between
adults with and without diabetes in different time periods are
shown in Figure S2 and Table S5. Diabetes was significantly

associated with higher mortality in all time periods. With a
fixed follow-up of 3 years (method 3), it appeared that haz-
ard ratios increased over time in the early four time periods
(1986-1988, 1989-1991, 1992-1994, and 1995-1997) but
decreased over time in the recent four time periods (1998—
2000, 2001-2003, 2004—-2006, and 2007-2009).

To further test the linear trend over time before and after
1995, we fitted Cox proportional hazard models with survey
year as a continuous variable. Using the fixed follow-up
duration of 3 years, the interaction term between diabetes

Without diabetes
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Figure | Mortality (per 10,000 person-years) among adults with and without diabetes according to time periods defined by three different methods.
Notes: Vertical bars represent 95% confidence intervals. Time periods were categorized according to method | (survey years with original follow-up durations), method 2
(follow-up calendar years), and method 3 (survey years with a fixed follow-up of 3 years).
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Figure 2 Absolute mortality change over time compared with the mortality in 1986—1988 among adults with and without diabetes.
Notes: Vertical bars represent 95% confidence intervals. Time periods were categorized according to method | (survey years with original follow-up durations), method 2
(follow-up calendar years), and method 3 (survey years with a fixed follow-up of 3 years).

and survey year was not statistically significant before 1995
(P for trend in hazard ratios for mortality associated with
diabetes =0.13). The interaction term between diabetes and
survey year was significant after 1995 (P for trend <0.05).
Hazard ratio estimates dropped over time from 2.16 (95%
CI1.93-2.41) in 1995 to 1.71 (95% CI 1.52—1.92) in 2009.
These hazard ratios estimated from the model with survey
year as a continuous variable were consistent with the values
estimated by categorizing survey time into eight periods. Fur-
ther adjusting for potential confounding factors of age, sex,
smoking status, marital status, education, and income, hazard
ratio estimates dropped from 2.11 (95% CI 1.89-2.36) in
1995 to 1.64 (95% CI 1.46—-1.84) in 2009 (P for trend <0.05).

Trends in absolute mortality difference

between adults with and without diabetes
Figure 3 shows absolute differences in mortality between
adults with and without diabetes in eight time periods defined
by the three methods. There was no clear trend in the gap
between those with and without diabetes during the early
survey periods from 1986 to 1994. After 1994, the gap pro-
gressively decreased over time from 224 (95% CI 188-260)
per 10,000 person-years in 1992—-1994 to 99 (95% CI 65-132)
per 10,000 person-years in 2007-2009 using a fixed 3-year

follow-up duration (method 2). Similar trends were observed
in both men and women (Figure S3) with method 3.

Discussion

Applying three currently used methods to the same data to
assess time trends in mortality in adults with and without
diabetes, we found that different methods produced contra-
dictory time trend patterns. Both baseline survey time and
follow-up time should be considered for defining time periods
to ensure comparability in both baseline and attained ages
among time periods. We found that defining time periods
solely based on baseline years with original follow-up dura-
tions overestimated the magnitude of risk reduction because
the participants in more recent time periods were significantly
younger than earlier periods. On the other hand, defining time
periods based on follow-up calendar years would underesti-
mate the magnitude of risk reduction because those in more
recent surveys were older than those in earlier surveys. Defin-
ing time periods based on baseline survey years with a fixed
follow-up duration ensured comparability in both baseline
age and attained age among different time periods. Using this
approach, we found that adults with diabetes experienced a
larger mortality reduction than their matched persons without
diabetes over time, particularly in the last 15 years. The gap
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Figure 3 Absolute mortality risk differences (per 10,000 person-years) between adults with and without diabetes.
Notes: Vertical bars represent 95% confidence intervals. Time periods were categorized according to method | (survey years with original follow-up durations), method 2
(follow-up calendar years), and method 3 (survey years with a fixed follow-up of 3 years).

in mortality between adults with and without diabetes sig-
nificantly narrowed over time in recent years although those
with diabetes still had higher mortality than those without
diabetes by the end of the observation period.

Our findings contradict those from two recent studies in
Sweden?® and the UK* which showed that the gap in mortal-
ity between adults with and without diabetes widened over
time in recent years. Those studies, like ours, adopted an
individually matched design to ensure comparability between
adults with and without diabetes. The Swedish study included
457,476 patients with type 2 diabetes during 1998-20123 and
the UK study included 176,562 adults with type 2 diabetes
during 2004-2014.% Each case in those studies was matched
to five controls. However, those studies used original follow-
up durations which varied among different survey periods to
assess the time trends in mortality. Their reported widening
gap in mortality appeared to suggest that the improvement
in adults with diabetes over time lagged behind the improve-
ment in those without diabetes. The matched design in such
amanner, although it did improve the comparability between
adults with and without diabetes, might not improve the
comparability among participants of different survey periods.
Using the data with original follow-up durations tended to
overstate the mortality reduction over time due to the younger
attained ages in more recent survey periods. Such bias could
affect adults with and without diabetes differently, and pose
a threat to the validity of trend estimates in mortality gap
between the two groups. A major advantage of using a fixed
follow-up duration was to ensure that participants from
different survey periods had similar attained ages during

follow-up. We found that the reduction in mortality over time
estimated using a fixed follow-up duration was substantially
smaller than that estimated using original follow-up dura-
tions. This methodological difference could partly explain the
contradictory findings among different studies although it is
difficult to compare the trends of the gap in mortality across
countries due to differences in diabetes care and changes in
diabetes diagnosis over time among different countries. To
better understand the extent to which the methodological
difference plays a role in the contradictory findings, further
analyses on the mortality trends in other populations need
to take the comparability in both baseline and attained ages
among different time periods into consideration.

Another interesting finding was that the gap between
adults with and without diabetes narrowed unevenly over time
during 24 years. The gap changed little in the early survey
period from 1986 to 1994 but progressively narrowed over
time after 1994 in both relative and absolute risk measure-
ments. This implies a greater improvement in patients with
diabetes than in those without diabetes in more recent years.
A study of US adults with self-reported diabetes shows an
increasing trend in diabetes care such as undergoing HbAlc
tests and foot examination in recent years.” It is encouraging
to see that the gap was reduced by half from over the last 15
years although adults with diabetes still had a significantly
higher mortality risk than those without diabetes by the end
of the observation period.

Time trends of mortality among US adults with diabetes
using survey data including NHIS have been previously
reported.>*182¢ Unlike those previous studies using the NHIS
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data, our study adopted an individually matched design and
had a wider survey period of 24 years. Gregg et al reported a
significant reduction in all-cause mortality among adults with
diabetes and no significant reduction among those without
diabetes from 1997 to 2006.° Since those without diabetes
are over 15 years younger than participants with diabetes in
their study, the time trends between adults with and without
diabetes might not be directly comparable to those in this
study. Through matching and fixing the follow-up duration,
we compared adults with and without diabetes from the NHIS
with similar ages at baseline and similar attained ages during
follow-up. For the first time, with an individually matched
design, we were able to demonstrate that the gap in mortality
unevenly declined over time — remained relatively stable in
the earlier years, and rapidly declined in more recent years
in US adults.

Our estimates are subject to several limitations. First,
diabetes cases in the NHIS were identified through self-
reporting and we could not differentiate type 1 and type 2
diabetes. The magnitude of changes in mortality might differ
between adults with type 1 and type 2 diabetes. Second, the
group of participants without diabetes might contain indi-
viduals with undiagnosed diabetes. Such misclassification
could attenuate the gap in mortality between adults with
and without diabetes. Third, we were unable to assess if the
time trends were influenced by the changes in diagnostic
criteria over time during 1986 and 2009. Fourth, cardiovas-
cular disease is a complication and cause of premature death
among people with diabetes. The observed narrowing gap in
mortality could be partly due to advances in the prevention
and management of cardiovascular disease. Finally, as data
on age at first diagnosis with diabetes were not available for
early surveys (1986-1996), we did not estimate mortality
according to age at diagnosis.

Conclusion

In summary, when assessing time trends in mortality between
adults with and without diabetes using existing survey data, it
is critical to ensure that participants of different time periods
have similar attained ages during follow-up as well as similar
baseline ages. When both baseline and attained ages were
comparable among time periods, we found that the reduction
in all-cause mortality was significantly higher in adults with
diabetes than in those without diabetes. The gap in mortality
between adults with and without diabetes significantly nar-
rowed in recent years, and was more than halved over from
1992-1994 to 2007-20009.
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