
lowest 2 strata of HDL-C levels (#30 mg/dl and 31 to 40
mg/dl) had significantly higher overall mortality rates
at 14.7 per 1,000 person-years, and 9.3 per 1,000-
person years, respectively. Furthermore, individuals
at the highest HDL-C stratum (>90 mg/dl) also had a
higher than average mortality rate at 12.1 per
1,000-person years. In women, a similar pattern was
observed where individuals with lower HDL-C levels
had significantly higher age-standardized all-cause
mortality and cause-specific mortality compared with
the overall rate. Also, a higher than overall age-
standardized mortality rate was observed for noncar-
diac/noncancer mortality in individuals with very
high HDL-C levels (>90 mg/dl).

Adjusted hazard ratios (HR) of cause-specific mor-
tality in different cholesterol strata compared with
pre-specified reference ranges (41 to 50 mg/dl in men
and 51 to 60 mg/dl in women) are shown in the Central
Illustration. Men in the lowest HDL-C category
(#30 mg/dl) had increased cause-specific HR for CV
mortality (HR: 1.81; 95% confidence interval [CI]: 1.45
to 2.25), cancermortality (HR: 1.61; 95%CI: 1.32 to 1.97),
and other mortality (HR: 2.01; 95% CI: 1.63 to 2.47) as
compared to individuals with HDL-C of 41 to 50 mg/dl.
Men with HDL-C levels from 31 to 40 mg/dl had
increased relative hazard that ranged from 15% to
29% for cause-specific mortality. For men with high
HDL-C levels (>90 mg/dl), increased hazards for
noncardiac/noncancer mortality were also observed
(Central Illustration).

Women with low HDL-C levels #30 mg/dl also
demonstrated significantly higher cause-specific haz-
ards of CV mortality (HR: 2.26; 95% CI: 1.56 to 3.29),
cancer mortality (HR: 1.96; 95% CI: 1.43 to 2.69), and
othermortality (HR:2.86;95%CI:2.17 to3.76)compared

with women with cholesterol of 51 to 60 mg/dl.
Individuals with HDL-C levels 31 to 40 mg/dl and 41 to
50 mg/dl had significantly higher relative hazard
for cause-specific mortality that ranged from 7% to
43%. Women in the highest cholesterol category
(>90 mg/dl) had significantly increased hazard of non-
CV/noncancer deaths (HR: 1.32; 95% CI: 1.01 to 1.71).

ADDITIONAL ANALYSES. Among 149,348 indivi-
duals (61,343 men; 88,005 women) who were older
than 66 years, 31,507 men and 44,399 women were
prescribed statin therapy prior to cohort inception.
The relationship between HDL-C cause-specific out-
comes for statin users (Figure 3) was similar to our
overall cohort in that we observed those with lower
HDL-C had higher HR for cause-specific mortality.
Subjects with very high HDL-C levels were not asso-
ciated with significantly higher risk of mortality. For
29,836 men and 43,606 women older than 66 years
who were not prescribed statins, the relationship was
similar with those prescribed statins (Online
Figure 1).

The results of additional analyses for patients with
LDL-C <100 mg/dl or $100 mg/dl (Online Figures 2
and 3) were consistent with the previous analysis
that lower HDL-C levels were associated with higher
HR for cause-specific mortality and subjects with very
high HDL-C levels also were associated with higher
risk. Additionally, we evaluated the impact of BMI,
but it did not alter our overall results, as shown in
Online Figure 4.

DISCUSSION

In combining multiple clinical and administrative
databases in Canada, we were able to create a

TABLE 2 Age-Standardized Cause-Specific Mortality*

Overall

HDL-C (mg/dl)

#30 31–40 41–50 51–60 61–70 71–80 81–90 >90

Men 281,973 10,025 66,121 96,645 62,887 28,838 10,987 4,037 2,433

All-cause mortality 8.1 (7.9–8.3) 14.7 (13.4–16.2) 9.3 (8.9–9.8) 7.5 (7.2–7.8) 7.2 (6.8–7.5) 7.2 (6.7–7.7) 8.0 (7.2–8.8) 9.2 (7.9–10.7) 12.1 (10.2–14.4)

Cardiovascular mortality 2.2 (2.2–2.3) 4.0 (3.3–4.8) 2.8 (2.5–3.0) 2.2 (2.0–2.3) 1.9 (1.8–2.1) 1.9 (1.6–2.2) 1.9 (1.5–2.4) 1.8 (1.2–2.5) 2.8 (1.9–4.0)

Cancer mortality 2.8 (2.7–2.9) 4.9 (4.1–5.7) 3.3 (3.0–3.5) 2.7 (2.5–2.8) 2.6 (2.4–2.8) 2.5 (2.2–2.8) 2.6 (2.2–3.0) 3.3 (2.6–4.2) 3.4 (2.5–4.6)

Other mortality 3.0 (2.9–3.1) 5.9 (5.1–6.8) 3.3 (3.0–3.6) 2.7 (2.5–2.9) 2.7 (2.5–2.9) 2.8 (2.5–3.2) 3.5 (3.0–4.1) 4.1 (3.3–5.2) 5.9 (4.5–7.5)

Women 349,789 2,517 25,811 74,398 92,958 73,207 43,472 21,915 15,511

All-cause mortality 6.6 (6.4–6.7) 19.1 (15.7–23.1) 9.0 (8.4–9.6) 7.5 (7.1–7.8) 6.2 (5.9–6.5) 5.6 (5.3–5.9) 5.8 (5.4–6.2) 5.8 (5.2–6.4) 6.8 (6.1–7.5)

Cardiovascular mortality 1.9 (1.8–1.9) 5.1 (3.3–7.5) 2.7 (2.3–3.1) 2.2 (2.0–2.4) 1.8 (1.6–2.0) 1.6 (1.4–1.8) 1.6 (1.3–1.8) 1.7 (1.4–2.0) 1.6 (1.3–2.0)

Cancer mortality 2.3 (2.2–2.3) 5.1 (3.6–7.0) 3.0 (2.7–3.4) 2.5 (2.3–2.7) 2.2 (2.0–2.3) 2.0 (1.8–2.2) 2.2 (2.0–2.4) 2.0 (1.7–2.3) 2.2 (1.8–2.6)

Other mortality 2.4 (2.3–2.5) 8.9 (6.6–11.8) 3.3 (2.9–3.7) 2.9 (2.6–3.1) 2.2 (2.1–2.4) 2.0 (1.9–2.2) 2.1 (1.9–2.4) 2.1 (1.8–2.5) 3.0 (2.5–3.5)

Values are n or incidence rate (95% confidence interval). *Age-standardized mortality rate per 1,000 person-years calculated using the 2006 Canadian population as the standard population.

HDL-C ¼ high-density lipoprotein cholesterol.
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