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for a lack of a relationship with hemorrhagic stroke is unclear. 
The finding that in women with BMI ≥30, high consumption 
of diet drinks was associated with an increased risk of all end 
points except hemorrhagic stroke in women is notable.

We investigated whether these associations with ASB 
consumption and ischemic stroke subtypes existed because 
women with underlying diabetes mellitus or CVD or hyper-
tension at year 3 were switching to ASBs. A sensitivity anal-
ysis excluding participants who had diabetes mellitus or CVD 
at year 3 baseline stratified by hypertension did not materi-
ally change the association with risk even in the fully adjusted 
models. However, it is possible that if a participant’s weight, 
blood pressure, and glucose levels were slowly increasing 
(even if not yet diagnosed with diabetes mellitus or CVD), it 
could lead high-risk women to change to ASB to attain weight 
loss as suggested by their physician.

The finding that risks associated with both all stroke and 
ischemic stroke were significantly associated with being 
black as opposed to other races merits further investigation. 
Although too early to comment on the public health implica-
tions, the following questions and knowledge gaps need to be 
addressed by future research: Is there something about high 
ASB consumption, mix of foods not accounted for by the diet 
quality measure, or other lifestyle measure (sleep, stress, en-
vironment) among black postmenopausal women that creates 
a toxic mixture that is associated with higher risk of ischemic 
stroke? Are there genetic differences that need to be accounted 
for? Are there protective factors among non-black postmeno-
pausal women that mitigate this affect? On the other hand, 
high ASB consumption was associated with increased risk 
of CHD in white postmenopausal women as opposed to their 
black counterparts.

It is also notable that in the Framingham Study5 where 
participants were primarily white men and women, ASBs 
were associated with stroke risk, whereas in our cohort of 
postmenopausal women of diverse backgrounds, these asso-
ciations were noted among black postmenopausal women. It 
is not clear whether sex or ethnicity is associated with these 
stroke risks because the results from the Framingham study 
were not stratified by sex.

Although these findings require replication, potential 
mechanisms explaining these findings are manifold. On the 
one hand, residual confounding of traditional risk factors such 
as hypertension and (undetected) diabetes mellitus, as well as 
reverse causality, may contribute to this association; on the 

other hand, it is known that noncaloric artificial sweeteners 
display unfavorable metabolic effects14 which may put con-
sumers at additional risk. Intake of saccharin, acesulfame-
potassium, or stevia and saccharin have been linked to weight 
gain and increased adiposity.15 Additionally, saccharin and 
aspartame have been also associated with impaired glucose 
homeostasis and hyperinsulinemia.16 These data are under-
scored by recent experimental studies demonstrating that ar-
tificial sweeteners can cause glucose intolerance in mice by 
altering gut microbiota and cause dysbiosis and glucose intol-
erance in humans.17 There may also be residual confounding 
because of imprecision of covariates. The diet quality variable 
(HEI-2005) and physical activity measurements are based on 
self-report and may not precisely capture the quality of the 
diet or physical activity. In a prior WHI study, low potassium 
intake was also associated with higher risk of SAO, indicating 
that diet is a potentially modifiable strategy to reduce the risk 
of this stroke subtype.18

A limitation of this study is that it was observational, 
rather than a clinical trial, and therefore results must be 
interpreted with caution. ASB was self-reported, and this 
information could not be validated as it was not captured 
on other diet assessment instruments. Our estimates of ASB 
covered a 3-month period, and consumption patterns may 
have changed over time before the outcomes occurred. 
However, particularly in weight-stable older women, the 
likelihood of changes in dietary patterns is likely low. In 
the Nurse’s Health Study, the diet quality score was rela-
tively stable within an individual for as long as 24 years.19 
We were unable to determine which ASB might be account-
ing for these associations. Because the ASB was framed as 
Diet drinks, such as Diet Coke or diet fruit drinks (12 ounce 
cans), it is not clear whether participants considered other 
ASBs such as tea or coffee with artificial sweeteners when 
answering this question. Additionally, women with high 
intakes of ASB of all types may have differed systematically 
in many ways from women with little or no intake, most es-
pecially since they were more likely to be obese and have a 
higher energy intake.

Conclusions
In this study of well-characterized postmenopausal women 
in the United States, self-reported consumption of ASBs was 
associated with increased risk of ischemic stroke, CHD, and 
all-cause mortality. A novel finding of this study is that higher 

Table 5. Hazard Ratio and 95% CI for Artificially Sweetened Beverage Consumption and TOAST Classification (Ischemic Stroke)

Outcomes (N/No. of Events)

Artificially Sweetened Beverage Consumption

P trendNever or <1/wk 1–4/wk 5–7/wk ≥2/day

Large artery artherosclerosis (59 265/75) Reference 1.33 (0.77–2.29) 1.24 (0.60–2.55) 0.36 (0.05–2.62) 0.970

Cardioembolism (59 534/344) Reference 0.94 (0.71–1.24) 0.67 (0.43–1.03) 1.23 (0.72–2.09) 0.422

Small vessel occlusion (59 424/234) Reference 1.09 (0.77–1.54) 1.41 (0.94–2.13) 2.44 (1.47–4.04)*† 0.001†

Excluding participants with diabetes mellitus or cardiovascular disease at year 3 before artificially sweetened beverage assessment; based on 
Model 4: Model 3 + behaviors: smoking, alcohol, MET, HEI. CI indicates confidence interval; HEI, Healthy Eating Index; MET, metabolic equivalent 
of task; and TOAST, Trial of ORG 10172 Acute Stroke Trial.

*P<0.001. 
†Significant findings.
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