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ABSTRACT

Background The evidence linking sugar-sweetened beverage (SSB) intake and mor-
tality risk is conflicting, and associations between various SSB subtypes and mortality
remain unclear.

Objective To examine the association between baseline SSB intake, subtypes of SSB
intake, and mortality risk in women.

Design Prospective cohort study.

Participants/setting Participants of the California Teachers Study (n = 100,314; me-
dian age = 53 years) free of cardiovascular disease, cancer, and diabetes at baseline
(1995-1996) were followed from 1995 to 2015. Baseline SSB intake was defined as
caloric soft drinks (regular soft drinks, not diet soda), sweetened bottled waters or teas,
and fruit drinks; and was derived from a self-administered food frequency
questionnaire.

Main outcome measure Mortality was ascertained via annual linkage with state- and
nationwide mortality records and the National Death Index over 20 years.

Statistical analysis Multivariable-adjusted Cox proportional hazards models were
used to generate hazard ratios (HRs) and 95% Cls for assessing associations between SSB
intake and mortality. Rare/never consumers were the comparator group.

Results There were a total of 14,143 deaths over 20 years (30.5% from cardiovascular
disease; 29.2% from cancer). In women who consumed > 7 servings/week of SSBs at
baseline (4% of participants), the multivariable-adjusted HRs were not significant for all-
cause, cardiovascular disease-specific, or cancer-specific mortality. Consuming > 7
servings/week of baseline caloric soft drink was associated with a higher risk of all-
cause (HR = 1.26, 95% CI 1.10 to 1.46; P for trend = 0.02) and cancer-specific (HR = 1.33,
95% CI 1.08 to 1.63; P for trend = 0.08) mortality. In secondary analyses, consuming > 1.5
c/day of baseline SSBs was associated with all-cause mortality (HR = 1.12, 95% CI 1.02 to
1.24; P for trend = 0.01).

Conclusions Although the baseline frequency of total SSB intake was not significantly
associated with mortality, consuming > 7 servings/week of caloric soft drinks was
associated with higher risk of all-cause and cancer-specific mortality. Findings support

public health efforts to reduce caloric soft drink consumption.
J Acad Nutr Diet. 2022;122(2):320-333.

UGAR-SWEETENED BEVERAGES (SSBS) ARE A LEAD-

ing source of added sugars consumed by adults in the

United States.! SSBs are defined as manufactured

carbonated and noncarbonated drinks containing
caloric sweeteners or syrups, and include soft drinks (regular
soft drinks, not diet soda), fruit drinks, sports and energy drinks,
waters, and tea and coffee beverages with added sugars.'
Although overall intake of SSBs declined from 2003 to 2014 in
the United States,” recent data suggest that 49.3% of adults
consume at least one SSB per day.> According to the National
Health and Nutrition Examination Survey (2011-2014),> mean
SSB intake in adult men and women is 6.9% (~179 kcal) and 6.1%
(~113 kcal) of total caloric intake, respectively.
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The 2020 US Dietary Guidelines Advisory Committee’
recommends that consumption of added sugars be limited to
< 10% of total daily caloric intake. Moreover, the American
Heart Association recommends restricting the intake of
added sugars to no more than half of daily discretionary
calories, which is equivalent to ~ 100 kcal/day (~ 6 teaspoons
of table sugar) for women and ~ 150 kcal/day (~9 teaspoons
of table sugar).® However, in the United States, a single
serving of caloric soft drinks or soda pop (1 can = 12 fl 0z)
has, on average, 140 to 150 kcal and the equivalent of 10
teaspoons of table sugar.’

Consumption of SSBs has been associated with increased
obesity and chronic disease risk,°'° yet few studies have
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examined the association between SSBs and mortality risk.!! "
Furthermore, published studies have inconsistent findings and
data regarding the effects of specific subtypes of SSBs are
sparse.'"'? Therefore, we examined the association between
SSB intake and risk of mortality from all-causes, cardiovascular
disease (CVD), and cancer. We hypothesized that higher levels
of baseline SSB consumption are associated with an increased
mortality risk.

MATERIALS AND METHODS

Study Population and Design

The California Teachers Study (CTS) is an ongoing prospective
cohort study of 133,477 active and retired female teachers
and administrators initiated to document and study the risk
and determinants of breast and other cancers. The baseline
(1995-1996) 16-page questionnaire was mailed to 329,684
women who had been professional public school employees
and were active members of the California State Teachers
Retirement System.'® Two mailings were conducted and,
originally, a total of 133,477 women enrolled in the study by
returning the questionnaire where they responded to
women's health questions, including demographic charac-
teristics; medical history; menstrual and reproductive
events; use of exogenous estrogens, vitamins, and medica-
tions; screening behaviors; physical activity; height and
weight; dietary intake; use of alcohol and tobacco; and
exposure to potential environmental hazards. The cohort age
at baseline was 22 to 104 years (median age = 53 years).
Information on certain lifestyle practices, risk factors, and
chronic disease occurrence have continued to be collected
and updated, such as participant level of education, which
was obtained after baseline, during fourth mail-in question-
naire follow-up (2005-2008). Deaths were detected at the
annual follow-up. Information on date and cause of death
was determined from state mortality records and the Na-
tional Death Index. Cancer diagnoses were identified via
linkage with the California Cancer Registry. Inpatient hospi-
talizations were identified via linkage with the Office of
Statewide Health Planning and Development and included
ambulatory surgery and emergency department procedures
and diagnoses performed in California. The CTS study was
approved by the institutional review boards at the partici-
pating institutions. This analysis was approved by the Insti-
tutional Review Boards of City of Hope and the University of
California San Diego.

Assessment of SSB Intake and Overall Diet

Dietary intake during the year before enrollment was
assessed once using a validated 103-item self-administered
food frequency questionnaire (FFQ) included in the 1995-
1996 questionnaire, and adapted from a former version of the
Block 95. This FFQ ascertained how much (ie, usual serving
size; for example, small, medium, large, or extra-large
serving) and how often (ie, frequency of consumption; for
example never or < 1 time/month, 1 time/month, 2 to 3
times/month, 1 time/week, 2 times/week, 3 to 4 times/week,
5 to 6 times/week, once a day, or > 2 times/day) of 103 food
and beverage items. The reproducibility and validity of the
dietary assessment instrument in the cohort has been pre-
viously described.!”
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RESEARCH SNAPSHOT

Research Question: Is there an association between sugar-
sweetened beverage intake and mortality risk in women?

Key Findings: In a prospective cohort of 100,314 women
from the California Teachers Study, baseline total sugar-
sweetened beverage intake was not significantly associated
with mortality risk at 20-year follow-up. In analyses of the
subtypes of sugar-sweetened beverages, there was a positive
association between caloric soft drink (regular soft drinks, not
diet soda) intake and risk of all-cause, cancer-specific, and
other-causes of mortality.

Estimation of SSB intake was determined from three items
on the FFQ, specifically asked as: “First: mark the column to
show How Often, on the average, you ate the food during the
past year; second: mark the column to show How Much you
usually eat of each food for regular soft drinks (not diet soda),
Snapple, Calistoga, sweetened bottled waters or iced teas, and
Kool-Aid, Hi-C, or other drinks with added vitamin C.” Brand
names were included in the FFQ mailed to participants. These
three beverage subtypes will be referred to as caloric soft
drinks, sweetened bottled waters or teas, and fruit drinks.
From the nine possible frequency categories, SSB consump-
tion was collapsed into four categories: rare or never, > rare/
never to < 1 serving/week, > 1 to < 6 servings/week, and > 7
servings/week, as a semiquantitative categorization for the
primary analyses, which included subtypes of SSBs. In sec-
ondary analyses, volume was used to categorize SSB intake
into cups per day (1 c = 8 fl oz). For this categorization, one
serving of caloric soft drink equals 12 fl oz; 1 serving of
sweetened water bottle or tea and fruit drink equals 8 fl oz.
The five categories used for frequency of intake were: rare or
never, > rare/never to < 0.5c/d,>05to<1c/d,>1to< 15
c/d, and > 1.5 c/d.

Estimation of all other food variables was similar to the SSB
variables. They were calculated, reviewed, and then catego-
rized based on their distributions.

Ascertainment of Death

Deaths were identified from annual linkage with California
mortality files, the Social Security Death Index, and the Na-
tional Death Index records through December 31, 2015,
providing mortality data that included underlying cause of
death. Participants without a death record were considered
alive during the follow-up period. Using the International
Classification of Diseases (ICD) 9th'® and 10th!'® Revision
codes, study end points were defined as CVD-specific mor-
tality (ICD-9 codes 390-398, 402, 404, 410-429, and 430-438
and ICD-10 codes 100 to 109, 111, 13, and 120 to 151, 160 to 169)
that includes diseases of the heart, hypertension, athero-
sclerosis, and cerebrovascular diseases; cancer-specific mor-
tality (ICD-9 codes 140-209 and ICD-10 codes C00 to C97),
which only includes malignant neoplasms, excluding in situ
and benign neoplasms; other-cause mortality (ICD-9 codes
001-139, 240-389, 460-629, 680-759, 780-799, and E000-
E999 and ICD-10 codes A00-B99, D50-H95, JO0-N99, Q00-
R99, and V00-Y99) included those death from any known
causes, except for cancer and CVD; and all-cause mortality,
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which is a combination of all of the above-mentioned causes
of deaths.

Assessment of Covariates

The demographic, lifestyle, and clinical characteristics
considered as possible confounders included age, race/
ethnicity, socioeconomic status (SES), marital status, smoking
status, alcohol intake, family history of CVD, diabetes, or
cancer (includes breast, endometrial, ovarian, cervical, lung,
thyroid, colon, rectal, prostate, melanoma, skin cancers, leu-
kemia, and Hodgkin’s lymphoma) in first-degree relatives,
moderate-to-vigorous physical activity (MVPA), aspirin use,
multivitamin use, antihypertension medication use, history
of hypertension, menopausal status and menopausal hor-
mone therapy use, oral contraceptive use, body mass index
(BMI), total energy intake, and intake of a set of dietary fac-
tors (ie, fruit and vegetable, red meat, processed meat, fish,
refined carbohydrates, dietary fiber, and coffee/tea bever-
ages) in lieu of a diet quality score that is currently unavai-
lable. These data were collected at baseline (1995-1996), by
self-report.

SES was determined by combining three 1990 US block
census data variables (eg, occupation, education, and family
income) where all block groups in the state were ranked by
occupation (% adults employed in managerial/professional
occupation), level of education (% of adults older than age 25
years completing at least a college degree), and median
family income, corresponding to quartiles analogous the
statewide adult population. A summary score was developed
for SES with categories ranging from 1 (lowest) to 4 (highest).
Alcohol intake was determined from frequency and number
of drinks per week of beer, champagne and/or wine, and
cocktails and/or liquor. MVPA was estimated using ques-
tionnaire-derived intensity, duration, and frequency of listed
activities, on an average day. Participants were asked to
report all of their daily activities, including sleep, by dividing
up their 24-hour time windows into types of activities. The
activity examples listed on the questionnaire were provided
with the study population (active and recently retired
teachers) in mind. BMI was calculated as weight (in kilo-
grams) divided by height (in meters?), from self-reported
weight and height.

Foods and beverages that were included in the models as
covariates were adjusted for total energy by using the re-
sidual method,?® before including them in the model. With
the residual method, the energy-adjusted intake estimate is
the residual from a regression model in which the absolute
dietary factor intake is the dependent variable and the total
energy intake is the independent variable. Thereby, the re-
sidual is an estimate of dietary factor intake uncorrelated
with total energy intake by removing the variation caused by
total energy intake, and directly related to food selection and
diet composition.?°

Analytic Sample

Of the 133,477 enrolled CTS participants, the final analytic
sample included 100,314 women (age range = 22 to 84
years). We first excluded 20,889 participants due to preex-
isting disease at baseline, including history of cardiovascular
disease (n = 3,851), history of cancer (n = 14,126), and history
of diabetes (n = 2,912); and n = 1,693 who were aged > 85
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years at baseline. We further excluded (in hierarchical
manner) participants who specified their data only be used
for breast cancer research (n = 22); returned incomplete or
unreadable questionnaires (n = 4); had extreme caloric
intake values < 1% or > 99% of the population distribution (<
600 [n = 9,029] or > 5,000 [n = 490] kcal/d); had incomplete
FFQ data at baseline (defined as missing dietary data for > 26
food items out of 103), including vitamin supplement use
(n = 1); were a missing death code and label (n = 632); and/
or had an undefined death code (n = 403).

Statistical Analyses

Mean and standard error of the mean, or proportion and
frequency, were calculated for baseline characteristics of
study participants in each SSB consumption category. Cox
proportional hazard modeling was used to estimate hazard
ratios (HRs) and 95% CIs of all and cause-specific mortality
risk according to SSB consumption. We also examined the
independent association between subtype of SSB and risk of
all-cause and cause-specific mortality. Linear trend was
modeled by assigning each participant the median intake in
her respective SSB intake category and included as a
continuous independent variable in the Cox proportional
hazard model. The proportional hazards assumption was
tested by inspecting the survival curves according to SSB
consumption categories as well as testing time-varying
covariates in the model.

In multivariable analysis, we first adjusted for potential
confounding by sociodemographic and lifestyle factors,
including age, race/ethnicity (White, Asian/Pacific Islander,
African American, Hispanic, Native American, or mixed/
other; further categorized as White vs all other before
including it in the model), SES (quartiles = first, second, third,
fourth, or unknown), marital status (married, separated,
divorced, widowed, never married, or unknown; further
categorized as married, separated or divorced, widowed, and
all other before including it in the model), smoking status
(never, past, current cigarette use [1 to 12, 13 to 24, or >25/d],
or unknown use), alcohol intake (0, < 20, or >20 g/d), family
history of CVD (yes or no), family history of cancer (yes or no),
family history of diabetes (yes or no), MVPA (quintiles of
minutes per week: 0 to 30, 30 to 105, 105 to 210, 210 to 360, >
360, or unknown), aspirin use (1 to 3 times/week, 4 to 6
times/week, daily, undetermined frequency, or unknown),
multivitamin use (never, 1 to 3 times/week, 4 to 6 times/
week, daily, or undetermined frequency), use of at least one
antihypertension medication (daily, up to 6 times/week,
regular use but undetermined frequency, not regularly taken,
or unknown), history of hypertension (yes or no), meno-
pausal status and menopausal hormone therapy use (pre-
menopausal; perimenopausal/postmenopausal with never,
past, or current hormone therapy use of estrogen, estrogen
and progesterone, or other hormone combinations), and oral
contraceptive use (never, past, or current). We further
adjusted for BMI, total energy intake, and intakes of several
dietary factors (ie, fruit and vegetable, red meat, processed
meat, fish, refined carbohydrates, dietary fiber, and coffee/tea
beverages) as possible mediators. Two progressively adjusted
multivariable Cox regression models after the age-adjusted
model were fitted. Model 1 included age, race/ethnicity, so-
cioeconomic status, marital status, smoking, alcohol intake,
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CVD family history, cancer family history, diabetes family
history, history of hypertension, physical activity, aspirin use,
multivitamin use, use of at least one antihypertension
medication, menopausal status, menopausal hormone ther-
apy use, and oral contraceptive use. Model 2 included vari-
ables in Model 1 and additional adjustment for BMI; total
energy intake; and intakes of fruit and vegetable, red meat,
processed meat, fish, refined carbohydrates, dietary fiber, and
coffee/tea beverages. Family histories of CVD, cancer, and
diabetes were removed from the model because they did not
change the risk estimates. The final model, Model 2, included
covariates that were considered potential and tested (if > 10%
change in HR) confounders in this exposure and outcome
association, and had a P value < 0.05. In addition, the models
examining the association between subtype of SSB con-
sumption and risk of mortality were reciprocally adjusted for
the other beverage subtypes. That is, the sweetened water or
tea analysis was adjusted for fruit drink and caloric soft drink,
and vice versa. Multicollinearity was assessed via evaluation
of tolerance and the variation inflation factor. Derived values
of these two aspects did not suggest collinearity.

A secondary analysis was conducted to further assess
amount of SSB and determine whether key information about
the association was lost with our semiquantitative categori-
zation. As a sensitivity analysis beyond the aforementioned
primary analysis models, we also considered the influence of
specific confounders. Tables 1 and 2 (available at www.
jandonline.org) includes Model 3, which adjusted for vari-
ables in Model 1 plus BMI; and Model 4, which adjusted for
variables in Model 2 with the exception of total energy
intake, assessing the influence of overadjustment by total
energy intake. Another sensitivity analysis was also con-
ducted to examine the possibility of reverse causality,
excluding deaths that occurred within the first 2 and 4 years
of follow-up. All P values presented are from two-tailed an-
alyses; P < 0.05 was considered statistically significant. An-
alyses were conducted with SAS version 9.4.%

RESULTS

Table 3 provides the baseline characteristics of study partic-
ipants according to SSB intake in semiquantitative frequency
categories. Four percent of participants consumed > 7 serv-
ings/week of SSBs with an average baseline SSB intake of 13.6
+ 0.05 fl oz. In comparison to rare/never consumers, partic-
ipants who consumed > 7 servings/week of SSBs were more
likely to be younger, past or current smokers (34.8%), past or
current oral contraceptive users (72.8%), and had the highest
obesity rates (17.5%). They also had a higher daily intake of
total energy, red and processed meat, and refined carbohy-
drates, and lower intakes of fruits and vegetables, compared
with rare/never consumers. Foods and beverages that were
used as covariates were adjusted for total energy before
including them in the models. With regard to SSB subtype
across all participants, 4.3%, 0.4%, and 3.1% consumed
sweetened bottled waters or teas, fruit drinks, and caloric soft
drinks daily, respectively.

During 20 years of follow-up representing 1,897,745 per-
son-years, there were 14,143 (14.1%) CTS participants who
died. Of these deaths, 30.5% were from CVD (73.8% heart
disease-specific and 26.2% CVD-specific deaths), 29.2% were
from cancer, and 40.3% were from other causes. Table 4
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shows the association between baseline SSB consumption
and mortality risk. After adjusting for sociodemographic,
lifestyle, and dietary factors, compared with those who
rarely/never consumed SSBs, those who consumed > 7
servings/week of SSBs did not have a significantly different
mortality than those who reported consuming SSBs rarely/
never. The trend test did not show linearity in these associ-
ations (all P values for trend > 0.05). Models that assessed the
influence of BMI and overadjustment of total energy intake
are included in Table 1, available at www.jandonline.org.

With regard to SSB subtype, we observed a significant as-
sociation between baseline caloric soft drink consumption
and all-cause, cancer-specific, and other-cause mortality
(Figure 1). After adjusting for sociodemographic, lifestyle, and
dietary factors, compared with participants who rarely/never
consumed caloric soft drinks, those who consumed > 7
servings/week of caloric soft drinks, had a 26% higher risk of
all-cause mortality (95% CI 1.10 to 1.43; P for trend = 0.02), a
33% greater risk cancer-specific mortality (95% CI 1.08 to 1.63;
P for trend = 0.08), and a 28% risk of other-cause mortality
(95% CI 1.02 to 1.59; P for trend = 0.15). There was no asso-
ciation between baseline caloric soft drinks and CVD-specific
mortality after controlling for potential confounders. Details
on the SSB subtype adjusted models are included in Table 2,
available at www.jandonline.org.

Secondary analyses of associations between baseline total
SSB intake in cups per day and mortality showed a statistically
significant association between SSB intake and all-cause
mortality (Table 5). Women who consumed > 1.5 ¢/d SSBs had
a 12% higher risk of all-cause mortality (95% CI 1.02 to 1.24; P
for trend = 0.01) compared with women who reported con-
sumption to be rare/never. There was no association between
baseline total SSB volume consumption and CVD-specific or
cancer-specific mortality. Observed associations with both
servings per day and cups per day persisted in sensitivity an-
alyses excluding deaths, which occurred during the first 2
years (Tables 6 and 7) and 4 years (data not shown because
results were similar to first 2 years) of follow-up.

DISCUSSION

The present study found that when using the semi-
quantitative approach to calculating SSB intake, there was no
significant association between baseline intake and all-cause
mortality risk among adult women over a period of 20 years.
However, when caloric soft drink intake was examined, there
was a significant positive association with all-cause, cancer-
specific, and other-cause mortality risk. In secondary ana-
lyses, there was a significant positive association between
volume of baseline SSB intake and all-cause mortality.

The null finding regarding the association between base-
line SSB serving consumption and mortality risk in the pri-
mary analysis is consistent with findings from the European
Prospective Investigation into Cancer and Nutrition (EPIC)!*
multinational cohort (HR = 1.06, 95% CI 0.95 to 1.18),
although inconsistent with results from another longitudinal
analysis of SSB consumption and mortality in a US cohort,"
where researchers found a 14% increased risk (95% CI 1.08 to
1.20) in mortality among women who consumed 1 to 2
servings/day. However, the findings from the secondary
analysis of the present study, baseline SSB intake by volume
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Table 3. Baseline characteristics of 100,314 California Teachers Study participants according to sugar-sweetened beverage®

consumption in semiquantitative frequency categories

2> 1 serving
> Rare or never per week to
to < 1 serving < 1 serving 2 1 serving
Characteristic® Rare or never per week per day per day Total
No. of participants 40,579 33,773 21,665 4,297 100,314
mean + SEM“

Dietary intake
Energy (kcal/d) 1,756.6 + 34 1,957.5 + 3.7 2,047.7 + 46 2,2485 + 10.3 1,908.2 + 2.2
Fruit and vegetable (g/d) 359.6 + 0.9 2999 + 0.9 285.1 £ 1.2 2654 + 2.7 3194 + 0.6
Vegetables (g/d) 1839 £ 0.5 1634 + 0.6 163.3 £ 0.7 1669 + 1.7 1718 £ 04
Red meat (g/d) 29.1 £ 0.2 347 £ 0.2 36.3 + 0.2 36.8 £ 0.5 329 + 0.1
Processed meat intake (g/d) 6.3 £ 0.1 82 +£ 0.1 84 + 0.1 87 £0.2 75+ 00
Fish 204 + 0.1 194 £ 0.1 20.1 £ 0.1 203 £ 04 20.0 £ 0.1
Refined carbohydrates 240.7 £ 0.7 270.7 £ 0.8 2757 £1.0 2781 £ 23 260.0 + 0.5
Dietary fiber 20.3 £ 0.0 204 + 0.1 20.2 £+ 0.1 20.2 £ 0.1 20.3 +£ 0.0
Coffee and tea 150.1 £ 0.7 1344 + 0.7 1334 £ 09 1345 + 2.1 1405 £ 04
sSBY intake (fl 0z/d) 0+ 00 26 £ 00 55+0.0 13.6 = 0.1 2.7 £0.0
Age (y) 553 £+ 0.1 48.9 £+ 0.1 48.8 £+ 0.1 486 + 0.2 515+ 0.0
MVPA® (min/wk) 2404 + 1.2 2154 + 14 2217 £ 1.7 2222 + 3.8 227.1 + 0.8
Race/ethnicity n (%)
White 36,568 (90.1) 28,531 (84.5) 18,471 (85.3) 3,774 (87.8) 87,344 (87.1)
Asian/Pacific Islander 1,092 (2.7) 1,518 (4.5) 815 (3.8) 115 (2.7) 3,540 (3.5)
African-American 663 (1.6) 1,077 (3.2) 663 (3.1) 117 (2.7) 2,520 (2.5)
Hispanic/Latino 1,248 (3.1) 1,720 (5.1) 1,083 (5.0) 180 (4.2) 4,231 (4.2)
Native American 296 (0.7) 239 (0.7) 148 (0.7) 25 (0.6) 708 (0.7)
Other/mixed 410 (1.0) 447 (1.3) 297 (1.4) 56 (1.3) 1,210 (1.2)
Unknown 302 (0.7) 241 (0.7) 188 (0.9) 30 (0.7) 761 (0.8)
Education’
Academic/professional 1,062 (2.6) 761 (2.3) 515 (2.4) 125 (2.9) 2,463 (2.5)

doctorate
Master’'s degree 10,640 (26.2) 9,203 (27.3) 5,801 (26.8) 1,182 (27.5) 26,826 (26.7)
Bachelor's degree 9,167 (22.6) 7,906 (23.4) 4,612 (21.3) 874 (20.3) 22,559 (22.5)
Associate’s degree or less 134 (0.3) 138 (0.4) 103 (0.5) 9 (0.4) 394 (0.4)
Unknown 19,576 (48.2) 15,765 (46.7) 10,634 (49.1) 2,097 (48.8) 48,072 (47.9)
Occupation
Teacher, any kind 20,236 (49.9) 20,965 (62.1) 13,715 (63.3) 2,802 (65.2) 57,718 (57.5)
Pupil services 1,102 (2.7) 1,082 (3.2) 679 (3.1) 132 (3.1) 2,995 (3.0)
Administration 1,267 (3.1) 1,195 (3.5) 850 (3.9) 191 (4.4) 3,503 (3.5)
Any other combination 565 (1.4) 593 (1.8) 370 (1.7) 71 (1.7) 1,599 (1.6)
Unknown 17,409 (42.9) 9,938 (29.4) 6,051 (27.9) 1,101 (25.6) 34,499 (34.4)

—

continued on next page)
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Table 3. Baseline characteristics of 100,314 California Teachers Study participants according to sugar-sweetened beverage®
consumption in semiquantitative frequency categories (continued)

2 1 serving
> Rare or never per week to
to < 1 serving < 1 serving 2> 1 serving
Characteristic® Rare or never per week per day per day Total
Socioeconomic status
First quartile, low 1,422 (3.5) 1,421 (4.2) 914 (4.2) 168 (3.9) 3,925 (3.9)
Second quartile, low-medium 6,124 (15.1) 5,628 (16.7) 3,671 (16.9) 684 (15.9) 16,107 (16.1)
Third quartile, medium-high 12,044 (29.7) 10,736 (31.8) 6,639 (30.6) 1,366 (31.8) 30,785 (30.7)
Fourth quartile, high 17,791 (43.8) 13,905 (41.2) 9,107 (42.0) 1,814 (42.2) 42,617 (42.5)
Unknown 3,198 (7.9) 2,083 (6.2) 1,334 (6.2) 265 (6.2) 6,880 (6.9)
Marital status
Married 18,668 (46.0) 16,701 (49.5) 10,234 (47.2) 1,995 (46.4) 47,598 (47.5)
Separated/divorced 3,815 (9.4) 3,017 (8.9) 1,830 (8.5) 406 (9.5) 9,068 (9.0)
Widowed 3,327 (8.2) 1,579 (4.7) 1,011 (4.7) 182 (4.2) 6,099 (6.1)
All other 14,769 (36.4) 12,476 (36.9) 8,590 (39.7) 1,714 (39.9) 37,549 (37.4)
Smoking, current 2,047 (5.0 1,487 (4.4) 1,123 (5.2) 329 (7.7) 4,986 (5.0)
Alcohol consumption >20 g/d 4,045 (10.0) 2,411 (7.1) 1,638 (7.8) 326 (7.8) 8,420 (8.4)
mean + SEM“
Body mass index 247 + 0.0 246 + 0.0 249 + 0.0 255 + 0.1 24.7 £+ 0.0
n (%)

Obese® 5,013 (12.4) 4,146 (12.3) 2,992 (13.8) 752 (17.5) 12,903 (12.9)
Hypertension 7,042 (17.4) 4,134 (12.2) 2,885 (13.3) 616 (14.3) 14,677 (14.6)
Daily aspirin use 3,268 (8.1) 1,691 (5.0) 1,135 (5.2) 268 (6.2) 6,362 (6.3)
Daily antihypertensive 6,444 (15.9) 3,562 (10.6) 2,504 (11.6) 547 (12.7) 13,057 (13.0)

medication use
Daily multivitamin use 16,244 (40.0) 10,777 (31.9) 7,035 (32.5) 1,495 (34.8) 35,551 (35.4)
Diabetes family historyI1 8,448 (20.8) 6,463 (19.1) 4,213 (19.5) 844 (19.6) 19,968 (19.9)
Cardiovascular disease family 20,804 (51.3) 14,991 (44.4) 9,726 (44.9) 1,970 (45.9) 47,491 (47.3)

history'
Cancer family historyj 22,060 (54.4) 17,511 (51.9) 11,246 (51.9) 2,283 (53.1) 53,095 (52.9)
Menopausal status and HT*

use
Premenopausal 13,120 (32.3) 17,120 (50.7) 10,843 (50.1) 2,129 (49.6) 43,212 (43.1)
Peri- or postmenopausal, no HT 5,474 (13.5) 2,933 (8.7) 1,922 (8.9) 361 (8.4) 10,690 (10.7)

use
Peri- or postmenopausal, past 3,185 (7.9) 1,625 (4.8) 1,080 (5.0) 209 (4.9) 6,099 (6.1)

HT use
Peri- or postmenopausal, 6,254 (15.4) 3,633 (10.8) 2,296 (10.6) 477 (11.1) 12,660 (12.6)

current HT use, Estrogen
Peri- or postmenopausal, 7,161 (17.7) 4,428 (13.1) 2,780 (12.8) 520 (12.1) 14,889 (14.8)

current HT use, estrogen and

progesterone
Peri- or postmenopausal, all 5,385 (13.3) 4,034 (11.9) 2,744 (12.7) 601 (14.0) 12,764 (12.7)

other HT combinations
(continued on next page)
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Table 3. Baseline characteristics of 100,314 California Teachers Study participants according to sugar-sweetened beverage®
consumption in semiquantitative frequency categories (continued)

2 1 serving
> Rare or never per week to
to < 1 serving < 1 serving = 1 serving
Characteristic” Rare or never per week per day per day Total
Oral contraception use, past 24,578 (60.6) 24,049 (71.2) 15,567 (71.9) 3,130 (72.8) 67,324 (67.1)

and current

“One serving of caloric soft drink is 12 fl 0z, 1 serving of sweetened bottled water/tea or fruit drink is 8 fl oz.
®x? Tests were used for each variable to examine differences across categories. All variables have a P value < 0.0001.

“SEM = standard error of the mean.
9598 = sugar-sweetened beverage.
“MVPA = moderate-vigorous physical activity.

"Education was obtained after baseline, during fourth mail-in questionnaire follow-up (2005-2008).

9Body mass index > 30.
"Diabetes family history of first-degree relatives (parent, sibling, offspring).

'Cardiovascular disease family history includes heart attack/myocardial infarction and stroke family history of first-degree relatives (parent, sibling, offspring).

JCancer family history of first-degree relatives (parent, sibling, offspring).
HT = hormone therapy.

(cups per day) (HR = 1.12, 95% CI 1.02 to 1.24) were highly
concordant with these results from the US cohort.'

The null finding on the association between baseline SSB
intake and risk of CVD-specific mortality aligns with findings
from the EPIC cohort.' This is contrary to results in two other
cohorts, where a positive association between baseline SSB
intake and CVD mortality was determined.">?? Furthermore,
previous research in the CTS found that consuming > 1
serving/d of SSB was associated with a higher risk of CVD,
revascularization, and stroke.?* It is possible that the associ-
ation for CVD-specific mortality does exist but that inter-
mediate condition diagnoses such as hypertension,
hypercholesterolemia, or type 2 diabetes may have been
associated with lower SSB intake at baseline.

The present study also found a null association with
baseline SSB servings per day intake and cancer-specific
mortality. The servings/day findings were comparable with
those of the Singapore Chinese Health Study'' and the EPIC'
cohort, yet contradictory of the Nurses’ Health Study re-
sults.”®> A recent systematic review and meta-analysis of
31,925 cases of cancer (51% in prospective studies) observed a
null association between consumption of carbonated sweet-
ened beverages and cancer risk (relative risk = 1.03, 95% CI
0.96 to 1.11). The authors reported no association with spe-
cific cancer types.?*

A positive and dose-dependent association between con-
sumption of > 7 servings/week of caloric soft drink and all-
cause mortality, when compared with rare/never consumers,
was observed. In contrast to these results, The Leisure World
Cohort Study'? and the Singapore Chinese Health Study''
found a null association between soft drink consumption and
mortality risk examining sugar-added cola and noncola soft
drink intake in older Californian adults and Chinese adults in
Singapore, respectively.!"'> However, the former study cate-
gorized soft drink intake differently (none, <1 can/week, and
> 1 can/week; 1 can = 12 fl oz) than our present study,
whereas the latter shared a similar approach (none, monthly,
1 serving/week, 2 to 6 servings/week and > 1 serving/day; 1
serving = 237 mL or 1 c).
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Caloric soft drink consumption was significantly associated
with cancer-specific mortality. Studies show that the rela-
tionship between cancer risk and SSB subtype varies by
cancer type. For example, the association with pancreatic
cancer risk was strong in women consuming > 3 caloric soft
drinks/week compared with those consuming < 1/month
(relative risk = 1.57, 95% CI 1.02 to 2.41),> yet pooled cohort
studies have shown null associations between caloric soft
drink intake and risk of colon cancer and risk of lymphoma
and leukemia.!*?%?® Additional studies addressing SSBs and
caloric soft drinks associations with individual types of can-
cer are warranted to identify whether or not a direct or in-
direct association exists because analyzing total cancer may
obscure specific associations.

A possible explanation for the caloric soft drink findings
could be that a low number of deaths in the higher frequency
of consumption categories for fruit drinks for all causes of
mortality limiting the power to detect an association. In
addition, volume and sugar dose vary across subtypes of SSB
serving sizes in our study. Bottled sweetened teas contain
phenolic compounds and bioactive flavonoids®® that may
offer health benefits, reducing the risk of CVD, cancer, and
overall mortality, and countering the negative effects of
added sugar.?®>' The other-cause mortality findings are
interpreted with caution because this outcome includes
deaths from a variety of diseases and conditions. Further
studies on the relationship between SSB consumption and
death from specific diseases included in this category are
needed.

Although there was a statistically significant associa-
tion between baseline caloric soft drink intake and all-
cause, cancer-specific, and other-cause of mortality in
the primary analysis, there was an attenuation of the
measure of association after adjusting for common condi-
tions (hypertension and obesity), suggesting that the as-
sociation is not independent of these risk factors.
Furthermore, it is possible that SSB consumption may serve
as a surrogate of a suboptimal diet and unfavorable lifestyle
because frequent consumption of SSBs has been associated
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Table 4. Mortality risk® in California Teachers Study participants (N = 100,314) according to sugar-sweetened beverage®
consumption in semiquantitative frequency categories

Sugar-sweetened beverage consumption

> rare/never 2> 1 serving per

to < 1 serving week to < 1 serving = 1 serving

Mortality Rare/ never  per week per day per day P for trend
All-cause
No. of deaths 7,838 3,569 2,301 435
Rate per 1,000 person-years 104 55 5.5 53

HR® (95% Cl)
Age-adjusted 1.0 0.97 (0.93-1.01)  1.02 (0.98-1.07) 1.17 (1.06-1.28)  0.04
Multivariable-adjusted
Model 1¢ 1.0 1.00 (0.96-1.04)  1.02 (0.97-1.07) 1.07 (0.97-1.17) 017
Model 2 1.0 0.98 (0.94-1.02)  0.98 (0.93-1.03) 1.03 (0.93-1.15)  0.94
Cardiovascular disease-specific
No. of deaths 2,513 1,042 641 117
Rate per 1,000 person-years 33 1.6 1.5 14

HR (95% Cl)
Age-adjusted 1.0 0.99 (0.92-1.07)  1.02 (0.93-1.11) 1.22 (1.02-1.47)  0.09
Multivariable-adjusted
Model 1¢ 1.0 1.01 (0.93-1.08)  1.00 (0.92-1.09) 1.08 (0.90-1.30)  0.55
Model 2¢f 1.0 0.98 (0.91-1.06)  0.94 (0.86-1.03) 1.00 (0.81-1.22) 044
Cancer-specific
No. of deaths 2,097 1,137 741 152
Rate per 1,000 person-years 2.8 1.8 1.8 1.8

HR (95% Cl)
Age-adjusted 1.0 0.96 (0.89-1.03)  1.00 (0.92-1.08) 1.11 (0.94-1.31)  0.31
Multivariable-adjusted
Model 1¢ 1.0 1.00 (0.93-1.08)  1.01 (0.93-1.10) 1.05 (0.89-1.24)  0.58
Model 2°f 1.0 1.00 (0.93-1.08)  0.98 (0.89-1.07) 1.03 (0.87-1.23)  0.99
Other-cause
No. of deaths 3,228 1,390 919 166
Rate per 1,000 person-years 43 2.1 2.2 20

HR (95% Cl)
Age-adjusted 1.0 0.96 (0.90-1.02)  1.04 (0.97-1.12) 1.18 (1.01-1.38)  0.03
Multivariable-adjusted
Model 1¢ 1.0 0.98 (0.92-1.04)  1.03 (0.96-1.11) 1.07 (0.91-1.25)  0.26
Model 2¢f 1.0 0.94 (0.88-1.01)  0.98 (0.91-1.06) 1.00 (0.84-1.18)  0.83

“Total person-time: 1,897,745 years.

®1 serving of caloric soft drink is 12 fl 0z, 1 serving of sweetened bottled water/tea or fruit drink is 8 fl oz.

‘HR = hazard ratio.

9Model 1 adjusted for: age, race/ethnicity, socioeconomic status, marital status, smoking, alcohol intake, cardiovascular disease family history, cancer family history, diabetes family history,
history of hypertension, physical activity, aspirin use, multivitamin use, use of at least one antihypertension medication, menopausal status, menopausal hormone therapy use, and oral
contraceptive use.

“Model 2 adjusted for: age; race/ethnicity; socioeconomic status; marital status; smoking; alcohol intake; history of hypertension; physical activity; aspirin use; multivitamin use; use of at least
one antihypertension medication; menopausal status; menopausal hormone therapy use; oral contraceptive use; body mass index; total energy intake; and intakes of fruit and vegetable, red
meat, processed meat, fish, refined carbohydrates, dietary fiber, and coffee/tea beverages.

fIntakes of dietary variables are adjusted for energy intake (residual method) in Model 2 in addition to having total energy adjustment.
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All-cause Age-adjusted model - I——H
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CVD-specific Age-adjusted model ——
Sweetened Bottled Multivariable-adjusted model 2 - »—-—-—|
Waters or Teas m Cancer-specific  Age-adjusted model - l—I—i
Multivariable-adjusted model 2 4 ——
Other causes Age-adjusted model r—l—!
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Hazard Ratio

Figure. Association of specific sugar-sweetened beverage consumption and mortality risk. Hazard ratios comparing > 7 sugar-
sweetened beverage servings per week vs rare/never (reference) categories. Multivariable adjusted (model 2) adjusted for: age;
race/ethnicity; socioeconomic status; marital status; smoking status; alcohol intake; history of hypertension; physical activity; aspirin
use; menopausal status; menopausal hormone therapy use; use of at least one antihypertension medication; oral contraceptive use;
body mass index; total energy; and intakes of fruit and vegetable, red meat, processed meat, fish, refined carbohydrates, dietary
fiber, and coffee/tea beverage; and consumption of sugar-sweetened bottled waters or teas, fruit drinks, and caloric soft drinks
(other than the main exposure, depending on model). *P for trend statistical significance at P < 0.05. **P for trend statistical
significance at P < 0.01. ***P for trend statistical significance at P < 0.0001.

with suboptimal diets.*’ % However, the multivariable
models controlled for measured lifestyle factors, including
smoking, alcohol intake, fruit and vegetable intake, BMI,
and MVPA.

The study had several strengths, including a large sample
size, prospective design, and extensive follow-up period. The
secondary analysis disaggregated the last two semi-
quantitative categorizations of SSB intake, highlighting
heavier (relative to rare/never) SSB consumers. Also, the
sensitivity analysis investigated the possibility of reverse
causality, and our analyses adjusted for potential con-
founders. In addition, linkage with state mortality records
derived well-defined and accurate ascertained end points,
minimizing participant burden and reducing bias due to loss
to follow-up.

There are also several limitations to this study. First, SSB
intake data were collected from a single dietary assessment
at baseline, which likely introduced random and systematic
measurement error and also prevented examination of
concurrent intakes. This also prevented the examination of
trends in SSB intake. Of note, SSB consumption trends
among US adults rose in the late 1980s to early—mid-2000s
(58% in 1988-1994 to 63% in 1999-2004),%> and alongside
this, portion sizes have also changed substantially
throughout the years—the average portion size of SSBs
consumed in 1977 was 13.6 fl oz and increased to 21.0 fl oz
by 1996.%° Correspondingly, dietary patterns have shifted
and ultraprocessed foods are more common in the global
food system.>’ In the United States, the percentage of
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energy from ultraprocessed foods was documented to be as
high as 58% during the period 2007 to 2012.>® Therefore,
the influence of SSBs might act synergistically with ultra-
processed foods. However, recent national population data
suggests that these consumption trends have been
declining (61.5% in 2003 to 50.0% in 2014).>>940 Currently,
calories from fruit drinks have significantly decreased
among adults, and soda intake has significantly declined
among 20- to 39-year olds (171.0 to 97.4 kcal) and 40- to
59-year olds (104.7 to 66.2 kcal).? Therefore, an attenuation
in the magnitude of associations between SSB intake and
mortality risk in the CTS cohort is expected. Nevertheless,
differential exposure misclassification during follow-up
could also affect the exposure-outcome association,
depending on how the unmeasured exposure changes
occurred.

Another limitation is that sources of sweeteners also
changed throughout the years, from sucrose to high fructose
corn syrup, yet we were unable to examine this shift. Further,
self-reporting of baseline SSB and dietary intake is subject to
social desirability bias and may be associated with under-
reporting of SSB intake and poor diet quality. The inability to
determine SSB added sugar quantity is a significant limita-
tion. As well, artificially sweetened beverages and sugar-
sweetened hot beverages were not evaluated because they
were not included in the FFQ version used. Baseline SSB
intake in the study population was relatively low and sparse
compared with that in other populations,”®'* which may
inflate our measures of association. Residual confounding
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Table 5. Mortality risk® in California Teachers Study participants (N = 100,314) according to sugar-sweetened beverage®

consumption in cups per day categories

Sugar-sweetened beverage consumption

> rare/never

Mortality Rare/ never to < 0.5 c/d 205to<1cd =21to<15c/d =215 c/d P for trend
All-cause
No. of deaths 7,838 4,239 1,078 502 486
Rate per 1,000 person-years 104 59 5.2 5.0 4.0

HR® (95% Cl)
Age-adjusted 1.0 0.95 (0.91-0.99) 1.07 (1.00-1.14) 1.16 (1.06-1.27) 1.27 (1.16-1.39) < 0.0001
Multivariable-adjusted HR
Model 1¢ 1.0 0.97 (0.94-1.01) 1.06 (1.00-1.13) 1.11 (1.01-1.22) 1.17 (1.06-1.28) < 0.0001
Model 2¢f 1.0 0.96 (0.92-1.00) 1.03 (0.96-1.10) 1.05 (0.95-1.16) 1.12 (1.02-1.24)  0.01
Cardiovascular disease-specific
No. of deaths 2,513 1,273 291 116 120
Rate per 1,000 person-years 33 1.8 1.4 1.1 1.0

HR (95% Cl)
Age-adjusted 1.0 0.98 (0.92-1.05) 1.06 (0.94-1.20) 1.03 (0.86-1.24) 1.29 (1.08-1.55)  0.01
Multivariable-adjusted
Model 1¢ 1.0 1.00 (0.93-1.07) 1.03 (0.91-1.17) 0.97 (0.80-1.17) 1.15(0.96-1.38)  0.28
Model 2¢f 1.0 0.98 (0.91-1.06) 0.98 (0.86-1.12) 0.87 (0.71-1.07) 1.09 (0.90-1.32)  0.96
Cancer-specific
No. of deaths 2,097 1,318 361 175 176
Rate per 1,000 person-years 2.8 1.8 1.7 1.7 1.5

HR (95% Cl)
Age-adjusted 1.0 0.94 (0.88-1.01) 1.04 (0.93-1.16) 1.12 (0.95-1.30) 1.12 (0.96-1.31)  0.03
Multivariable-adjusted
Model 1¢ 1.0 0.97 (0.91-1.04) 1.06 (0.95-1.19) 1.11 (0.95-1.29) 1.10 (0.94-1.28)  0.05
Model 2¢f 1.0 0.97 (0.90-1.04) 1.03 (0.91-1.16) 1.07 (0.91-1.26) 1.07 (0.91-1.26)  0.19
Other-cause
No. of deaths 3,228 1,648 426 211 190
Rate per 1,000 person-years 43 23 2.1 2.1 1.6

HR (95% Cl)
Age-adjusted 1.0 0.93 (0.87-0.99) 1.09 (0.99-1.21) 1.28 (1.12-1.48) 1.34 (1.16-1.56) < 0.0001
Multivariable-adjusted
Model 1¢ 1.0 0.95 (0.89-1.01) 1.08 (0.98-1.20) 1.22 (1.06-1.40) 1.23 (1.06-1.43) < 0.0001
Model 2¢f 1.0 0.92 (0.87-0.98) 1.06 (0.95-1.18) 1.15 (0.99-1.34) 1.18 (1.01-1.38)  0.002

“Total person-time: 1,897,745 years.
®One cup is 8 fl oz.
“HR = hazard ratio

IModel 1 adjusted for: age, race/ethnicity, socioeconomic status, marital status, smoking, alcohol intake, cardiovascular disease family history, cancer family history,; diabetes family history,
history of hypertension, physical activity, aspirin use, multivitamin use, use of at least one anti-hypertensive medication, menopausal status, menopausal hormone therapy use, and oral

contraceptive use.

“Model 2 adjusted for: age; race/ethnicity; socioeconomic status; marital status; smoking; alcohol intake; history of hypertension; physical activity; aspirin use; multivitamin use; use of at least
one antihypertension medication; menopausal status; menopausal hormone therapy use; oral contraceptive use; body mass index; total energy intake; and intakes of fruit and vegetable, red

meat, processed meat, fish, refined carbohydrates, dietary fiber, and coffee/tea beverages.

fIntakes of dietary variables are adjusted for energy intake (residual method) in Model 2 in addition to having total energy adjustment.
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Table 6. Mortality risk® in California Teachers Study participants (N = 100,000) according to sugar-sweetened beverage®

consumption in semiquantitative frequency categories after removal of events that occurred at 2 years’ follow-up

Sugar-sweetened beverage consumption

= 1 serving
> rare/never to per week to <1 2= 1 serving

Mortality Rare or never < 1 serving per week serving per day  per day P for trend
All-cause
No. of deaths 7,668 3,489 2,253 419
Rate per 1,000 person-years 10.2 54 54 5.1

HR® (95% Cl)
Age-adjusted 1.0 0.97 (0.93-1.01) 1.02 (0.98-1.07) 1.15 (1.04-1.27)  0.008
Multivariable-adjusted
Model 1¢ 1.0 0.99 (0.96-1.04) 1.02 (0.97-1.07) 1.05 (0.96-1.16)  0.22
Model 2 1.0 0.97 (0.93-1.02) 0.97 (0.93-1.02) 1.00 (0.90-1.11) 0.56
Cardiovascular disease-specific
No. of deaths 2,463 1,020 625 112
Rate per 1,000 person-years 33 1.6 1.5 1.4

HR (95% Cl)
Age-adjusted 1.0 0.99 (0.92-1.07) 1.01 (0.93-1.11) 1.20 (0.99-1.45) 0.14
Multivariable-adjusted
Model 1¢ 1.0 1.00 (0.93-1.08) 1.00 (0.92-1.09) 1.06 (0.88-1.29) 0.66
Model 2¢f 1.0 0.96 (0.89-1.04) 0.95 (0.87-1.04) 1.00 (0.82-1.21)  0.90
Cancer-specific
No. of deaths 2,018 1,098 721 144
Rate per 1,000 person-years 2.7 1.7 1.7 1.7

HR (95% Cl)
Age-adjusted HR 1.0 0.95 (0.88-1.03) 1.00 (0.92-1.09) 1.09 (0.92-1.29) 0.40
Multivariable-adjusted
Model 1¢ 1.0 1.00 (0.92-1.07) 1.02 (0.93-1.11) 1.03 (0.87-1.23) 0.65
Model 2¢f 1.0 1.00 (0.93-1.08) 0.99 (0.90-1.08) 1.01 (0.85-1.21) 0.72
Other-cause
No. of deaths 3,187 1,371 907 163
Rate per 1,000 person-years 42 2.1 2.2 20

HR (95% Cl)
Age-adjusted 1.0 0.96 (0.90-1.02) 1.04 (0.97-1.12) 1.17 (1.00-1.37) 0.04
Multivariable-adjusted
Model 1¢ 1.0 0.98 (0.92-1.04) 1.03 (0.96-1.11) 1.07 (0.91-1.25) 0.26
Model 2¢f 0.94 0.88-1.01) 0.96 (0.91-1.07) 1.00 (0.84-1.19) 0.58

“Total person-time: 1,897,362 years.

®One serving of caloric soft drink is 12 fl oz, 1 serving of sweetened bottled water/tea or fruit drink is 8 fl oz.

‘HR = hazard ratio.

IModel 1 adjusted for: age, race/ethnicity, socioeconomic status, marital status, smoking, alcohol intake, cardiovascular disease family history, cancer family history, diabetes family history,
history of hypertension, physical activity, aspirin use, multivitamin use, use of at least one anti-hypertensive medication, menopausal status, menopausal hormone therapy use, and oral
contraceptive use

“Model 2 adjusted for: age; race/ethnicity; socioeconomic status; marital status; smoking; alcohol intake; history of hypertension; physical activity; aspirin use; multivitamin use; use of at least
one antihypertension medication; menopausal status; menopausal hormone therapy use; oral contraceptive use; body mass index; total energy intake; and intakes of fruit and vegetable, red
meat, processed meat, fish, refined carbohydrates, dietary fiber, and coffee/tea beverages.

fintakes of dietary variables are adjusted for energy intake (residual method) in Model 2 in addition to having total energy adjustment.
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Table 7. Mortality risk® in California Teachers Study participants (N = 100,000) according to sugar-sweetened beverage®
consumption in cups per day categories after removal of events that occurred at 2 years follow-up

Sugar-sweetened beverage consumption

> rare/never

Mortality Rare/never to < 05c/d =>05to<1cd=1to<15c/d =>1.5c/d P trend
All cause
No. of deaths 7,668 4,150 1,062 482 467
Rate per 1,000 person-years 10.2 58 5.1 4.8 39

HR® (95% Cl)
Age-adjusted 1.0 0.95 (0.91-0.99) 1.08 (1.01-1.15) 1.14 (1.04-1.25) 1.25 (1.13-1.37) < 0.0001
Multivariable-adjusted HR (95% ClI)
Model 1¢ 1.0 0.97 (0.94-1.01) 1.07 (1.00-1.14) 1.09 (1.00-1.20) 1.15 (1.05-1.26) < 0.0001
Model 2¢f 1.0 0.95 (0.92-0.99) 1.03 (0.96-1.10) 1.02 (0.92-1.12) 1.09 (0.98-1.20)  0.06
Cardiovascular disease-specific
No. of deaths 2,463 1,245 287 109 116
Rate per 1,000 person-years 33 1.7 14 1.1 1.0

HR (95% Cl)
Age-adjusted 1.0 0.98 (0.92-1.05) 1.07 (0.95-1.21) 0.99 (0.82-1.21) 1.28 (1.06-1.55)  0.02
Multivariable-adjusted HR (95% Cl)
Model 1¢ 1.0 0.99 (0.93-1.07) 1.04 (0.92-1.18) 0.93 (0.77-1.13) 1.14 (0.95-1.38)  0.35
Model 2¢f 1.0 0.96 (0.89-1.03) 1.00 (0.88-1.13) 0.86 (0.71-1.05) 1.02 (0.84-1.23)  0.88
Cancer-specific
No. of deaths 2,018 1,276 354 166 167
Rate per 1,000 person-years 2.7 1.8 1.7 1.6 14

HR (95% Cl)
Age-adjusted HR (95% Cl) 1.0 0.94 (0.87-1.01) 1.05 (0.94-1.18) 1.09 (0.93-1.28) 1.09 (0.93-1.28)  0.06
Multivariable-adjusted HR (95% Cl)
Model 1¢ 1.0 0.97 (0.91-1.05) 1.08 (0.96-1.21) 1.08 (0.92-1.27) 1.07 (0.91-1.26)  0.09
Model 2¢f 1.0 0.98 (0.91-1.05) 1.05 (0.93-1.18) 1.06 (0.89-1.25) 1.06 (0.89-1.26)  0.09
Other-cause
No. of deaths 3,187 1,629 421 207 184
Rate per 1,000 person-years 42 23 2.0 2.0 1.5

HR (95% Cl)
Age-adjusted HR (95% Cl) 1.0 0.93 (0.87-0.99) 1.10 (0.99-1.21) 1.28 (1.11-1.47) 1.32 (1.14-1.53) < 0.0001
Multivariable-adjusted HR (95% Cl)
Model 1¢ 1.0 0.95 (0.89-1.01) 1.08 (0.97-1.20) 1.21 (1.05-1.40) 1.21 (1.04-1.41)  0.0001
Model 2¢f 1.0 0.92 (0.86-0.98) 1.05 (0.94-1.17) 1.13 (0.97-1.32) 1.14 (0.97-1.34)  0.001

“Total person-time: 1,897,362 years.

b1 c=8floz

‘HR = hazard ratio.

IModel adjusted for: age, race/ethnicity, socioeconomic status, marital status, smoking, alcohol intake, cardiovascular disease family history, cancer family history, diabetes family history,
history of hypertension, physical activity, aspirin use, multivitamin use, use of at least one anti-hypertensive medication, menopausal status, menopausal hormone therapy use, and oral
contraceptive use.

“Model 2 adjusted for: age, race/ethnicity, socioeconomic status, marital status, smoking, alcohol intake, history of hypertension, physical activity, aspirin use, multivitamin use, use of at least
one anti-hypertensive medication, menopausal status, menopausal hormone therapy use, oral contraceptive use, body mass index, total energy intake, and intakes of fruit and vegetable, red
meat, processed meat, fish, refined carbohydrates, dietary fiber, and coffee/tea beverages.

fIntakes of dietary variables are adjusted for energy intake (residual method) in Model 2 in addition to having total energy adjustment.
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from suboptimal measurement of variables and unmeasured
variables is also possible. Lastly, generalizability is limited
because the cohort was female and primarily non-Hispanic
White.

CONCLUSIONS

Our findings contribute to the growing evidence on the asso-
ciation between frequent SSB consumption and poor health
outcomes, and is supportive of efforts to limit SSB intake to
improve health and reduce mortality. Other studies with long-
term follow-up and repeated measures using standardized SSB
serving size units are warranted to better elucidate the asso-
ciation between SSB consumption and mortality risk.
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Table 1. Comprehensive mortality risk® in California Teachers Study participants (N = 100,314) according to sugar-sweetened
beverageb consumption in semiquantitative frequency categories

Sugar-sweetened beverage consumption

> rare/never to

= 1 serving per

< 1 serving per week to < 1 serving 2 1 serving

Mortality Rare/ never  week per day per day P for trend
All-cause
No. of deaths 7,838 3,569 2,301 435
Rate per 1,000 person-years 104 55 55 53

HR* (95% Cl)
Age-adjusted 1.0 0.97 (0.93-1.01) 1.02 (0.98-1.07) 1.17 (1.06-1.28)  0.04
Multivariable-adjusted
Model 1¢ 1.0 1.00 (0.96-1.04) 1.02 (0.97- 1.07) 1.07 (0.97-1.17) 017
Model 2 1.0 0.98 (0.94-1.02) 0.98 (0.93-1.03) 1.03 (0.93-1.15)  0.94
Model 39 1.0 1.00 (0.96-1.04) 1.01 (0.96-1.06) 1.08 (0.97-1.19)  0.19
Model 4" 1.0 0.97 (0.94-1.02) 0.97 (0.93-1.03) 1.03 (0.93-1.14) 097
Cardiovascular disease-specific
No. of deaths 2,513 1,042 641 117
Rate per 1,000 person-years 33 1.6 1.5 1.4

HR (95% Cl)
Age-adjusted 1.0 0.99 (0.92-1.07) 1.02 (0.93-1.11) 1.22 (1.02-1.47)  0.09
Multivariable-adjusted 1.0 1.01 (0.93-1.08) 1.00 (0.92-1.09) 1.08 (0.90-1.30)  0.55
Model 1¢ 1.0 0.98 (0.91-1.06) 0.94 (0.86-1.03) 1.00 (0.81-1.22) 0.44
Model 2¢f 1.0 1.01 (0.94-1.09) 0.99 (0.90-1.08) 1.07 (0.88-1.30) 0.76
Model 3° 1.0 0.99 (0.92-1.07) 0.96 (0.87-1.05) 1.03 (0.84-1.26)  0.73
Cancer-specific
No. of deaths 2,097 1,137 741 152
Rate per 1,000 person-years 28 1.8 1.8 1.8

HR (95% Cl)

1.0 0.96 (0.89-1.03) 1.00 (0.92-1.08) 1.11 (0.94-1.31)  0.31

Age-adjusted
Multivariable-adjusted 1.0 1.00 (0.93-1.08) 1.01 (0.93-1.10) 1.05 (0.89-1.24)  0.58
Model 1¢ 1.0 1.00 (0.93-1.08) 0.98 (0.89-1.07) 1.03 (0.87-1.23)  0.99
Model 2¢f 1.0 1.01 (0.94-1.09) 0.99 (0.91-1.08) 1.07 (0.90-1.26) 0.64
Model 3° 1.0 1.00 (0.93-1.08) 0.98 (0.89-1.07) 1.03 (0.87-1.22)  0.96
Other-cause
No. of deaths 3,228 1,390 919 166
Rate per 1,000 person-years 43 2.1 2.2 20

HR (95% Cl)

1.0 0.96 (0.90-1.02) 1.04 (0.97-1.12) 1.18 (1.01-1.38)  0.03

(continued on next page)
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Table 1. Comprehensive mortality risk® in California Teachers Study participants (N = 100,314) according to sugar-sweetened
beverage® consumption in semiquantitative frequency categories (continued)

Sugar-sweetened beverage consumption

> rare/never to

2 1 serving per

< 1 serving per week to < 1 serving 2= 1 serving
Mortality Rare/ never  week per day per day P for trend
Age-adjusted
Multivariable-adjusted 1.0 0.98 (0.92-1.04) 1.03 (0.96-1.11) 1.07 (0.91-1.25)  0.26
Model 1¢ 1.0 0.94 (0.88-1.01) 0.98 (0.91-1.06) 1.00 (0.84-1.18)  0.83
Model 2 1.0 0.98 (0.91-1.04) 1.04 (0.96-1.12) 1.09 (0.93-1.28) 0.17
Model 39 1.0 0.95 (0.89-1.02) 1.00 (0.92-1.08) 1.03 (0.87-1.21)  0.82

“Total person-time: 1,897,745 years.

®0One serving of caloric soft drink is 12 fl oz, 1 serving of sweetened bottled water/tea or fruit drink is 8 fl oz.

“HR = hazard ratio.

9Model 1 adjusted for: age, race/ethnicity, socioeconomic status, marital status, smoking, alcohol intake, cardiovascular disease family history, cancer family history, diabetes family history,
history of hypertension, physical activity, aspirin use, multivitamin use, use of at least one antihypertension medication, menopausal status, menopausal hormone therapy use, and oral
contraceptive use.

“Model 2 adjusted for: age; race/ethnicity; socioeconomic status; marital status; smoking; alcohol intake; history of hypertension; physical activity; aspirin use; multivitamin use; use of at least
one antihypertension medication; menopausal status; menopausal hormone therapy use; oral contraceptive use; body mass index; total energy intake; and intakes of fruit and vegetable, red
meat, processed meat, fish, refined carbohydrates, dietary fiber, and coffee/tea beverages.

fintakes of dietary variables are adjusted for energy intake (residual method) in Model 2 in addition to having total energy adjustment.

9Model 3 adjusted for variables in Model 1 and body mass index. This model assesses the influence of body mass index adjustment.

"Model 4 adjusted for variables in Model 2 with the exception of total energy intake. This model assesses the influence of overadjustment by total energy intake.

Intakes of dietary variables are adjusted for energy intake (residual method) in Model 4.
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Table 2. Mortality risk® in California Teachers Study participants (N = 100,314) according to type of sugar-sweetened beverage®
consumption in semiquantitative frequency categories

Sugar-sweetened beverage consumption®

> rare/never to

= 1 serving per

< 1 serving per week to < 1 serving 2 1 serving
Mortality Rare/ never  week per day per day P for trend
All-cause
Sweetened bottled waters/teas

No. of deaths 10,394 1,759 1,598 392
Rate per 1,000 person-years 54.8 9.3 84 2.1

HR? (95% Cl)
Age-adjusted 1.0 0.95 (0.91-1.01) 0.97 (0.92-1.02) 1.05 (0.95-1.16) 0.82
Multivariable-adjusted
Model 1¢ 1.0 0.98 (0.93-1.03) 0.98 (0.93-1.03) 0.98 (0.89-1.09) 0.48
Model 2/ 1.0 0.98 (0.92-1.03) 0.97 (0.91-1.02) 0.96 (0.86-1.06) 0.22
Model 3" 1.0 0.98 (0.93-1.03) 0.98 (0.93-1.04) 0.99 (0.89-1.10) 0.61
Model 47 1.0 0.98 (0.93-1.03) 0.97 (0.91-1.02) 0.96 (0.86-1.07) 0.22

Fruit drinks
No. of deaths 13,296 500 307 40
Rate per 1,000 person-years 7.8 44 4.2 4.5

HR (95% Cl)
Age-adjusted 1.0 1.09 (0.99-1.19) 1.06 (0.95-1.19) 1.07 (0.78-1.45) 0.13
Multivariable-adjusted
Model 1¢ 1.0 1.10 (1.00-1.21) 1.07 (0.96-1.20) 1.00 (0.73-1.36) 0.18
Model 2/ 1.0 1.09 (0.99-1.20) 1.03 (0.91-1.16) 1.05 (0.75-1.47) 033
Model 3" 1.0 1.11 (1.01-1.22) 1.06 (0.94-1.19) 1.07 (0.76-1.50) 0.14
Model 4" 1.0 1.09 (0.99-1.20) 1.03 (0.91-1.16) 1.05 (0.75-1.47) 0.32

Caloric soft drinks

No. of deaths 10,463 2,002 1,432 246
Rate per 1,000 person-years 84 6.5 5.0 4.0

HR (95% Cl)
Age-adjusted 1.0 0.96 (0.91-1.00) 1.06 (1.00-1.12) 1.51 (1.33-1.71) < 0.0001
Multivariable-adjusted
Model 1°¢ 1.0 0.98 (0.93-1.03) 1.04 (0.99-1.10) 135 (1.19-1.54) < 0.0001
Model 2/ 1.0 0.96 (0.92-1.01) 1.00 (0.95-1.07) 1.26 (1.10-1.43) 0.02
Model 3" 1.0 0.98 (0.93-1.03) 1.04 (0.98-1.10) 1.35(1.18-1.53) < 0.0001
Model 4 1.0 0.96 (0.92-1.01) 1.01 (0.95-1.07) 1.26 (1.10-1.44) 0.01
Cardiovascular disease-specific

Sweetened bottled waters/teas

No. of deaths 3,341 459 391 122
Rate per 1,000 person-years 3.1 1.2 1.1 14

(continued on next page)
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Table 2. Mortality risk? in California Teachers Study participants (N = 100,314) according to type of sugar-sweetened beverage®
consumption in semiquantitative frequency categories (continued)

Sugar-sweetened beverage consumption®

> rare/never to

2 1 serving per

< 1 serving per week to < 1 serving 2= 1 serving

Mortality Rare/ never  week per day per day P for trend

HR (95% Cl)
Age-adjusted 1.0 0.91 (0.83-1.01) 0.88 (0.80-0.98) 1.28 (1.06-1.53) 0.28
Multivariable-adjusted
Model 1¢ 1.0 0.93 (0.85-1.03) 0.89 (0.80-0.99) 1.16 (0.97-1.39) 0.74
Model 2 1.0 0.93 (0.84-1.04) 0.88 (0.79-0.99) 1.11 (0.91-1.35) 0.89
Model 3" 1.0 0.93 (0.84,-1.04) 0.89 (0.80-1.00) 1.13 (0.93-1.37) 0.90
Model 4" 1.0 0.93 (0.84-1.04)  0.88 (0.79-0.99) 1.1 (0.91-1.34) 0.88

Fruit drinks
No. of deaths 4,082 152 73
Rate per 1,000 person-years 24 1.3 1.0 0.7

HR (95% Cl)
Age-adjusted 1.0 1.19 (1.01-1.40) 0.92 (0.73-1.16) 0.57 (0.26-1.27) 0.68
Multivariable-adjusted
Model 1¢ 1.0 1.19 (1.01-1.40) 0.93 (0.73-1.17) 0.55 (0.25-1.23) 0.42
Model 2 1.0 1.20 (1.01-1.43) 0.87 (0.67-1.11) 0.52 (0.19-1.37) 0.32
Model 3" 1.0 1.23 (1.04-1.46) 0.90 (0.70-1.15) 0.51 (0.19-1.37) 0.46
Model 47 1.0 1.21 (1.01-1.43) 0.87 (0.67-1.11) 0.52 (0.19-1.39) 0.32

Caloric soft drinks

No. of deaths 3,222 612 428 51
Rate per 1,000 person-years 2.6 20 1.5 0.8

HR (95% Cli)
Age-adjusted 1.0 0.98 (0.90-1.07) 1.13 (1.02-1.25) 1.38 (1.05-1.82) 0.002
Multivariable-adjusted
Model 1¢ 1.0 0.99 (0.91-1.08) 1.10 (0.99-1.22) 1.19 (0.90-1.57) 0.04
Model 2/ 1.0 0.97 (0.88-1.06) 1.04 (0.93-1.16) 1.10 (0.82-1.47) 0.40
Model 3" 1.0 0.98 (0.89-1.08) 1.08 (0.97-1.20) 1.18 (0.88-1.57) 0.10
Model 4" 1.0 0.97 (0.88-1.06) 1.04 (0.93-1.16) 1.10 (0.82-1.47) 0.38
Cancer-specific

Sweetened bottled waters/teas

No. of deaths 2,785 640 579 123
Rate per 1,000 person-years 26 1.7 1.7 15

HR (95% Cl)
Age-adjusted 1.0 1.04 (0.95-1.13) 1.03 (0.94-1.12) 0.92 (0.77-1.10) 0.68
Multivariable-adjusted
Model 1¢ 1.0 1.05 (0.96-1.15) 1.03 (0.94-1.13) 0.88 (0.73-1.05) 0.32
Model 2% 1.0 1.06 (0.96-1.16) 1.01 (0.92-1.11) 0.84 (0.70-1.02) 0.15
Model 3" 1.0 1.06 (0.97-1.16) 1.02 (0.93-1.13) 0.88 (0.73-1.06) 0.31
Model 4 1.0 1.06 (0.97-1.16) 1.01 (0.92-1.12) 0.84 (0.70-1.02) 0.15

(continued on next page)
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Table 2. Mortality risk? in California Teachers Study participants (N = 100,314) according to type of sugar-sweetened beverage®
consumption in semiquantitative frequency categories (continued)

Sugar-sweetened beverage consumption®

> rare/never to 2 1 serving per

< 1 serving per week to <1 serving 21 serving

Mortality Rare/ never  week per day per day P for trend

Fruit drinks
No. of deaths 3,866 153 93 15
Rate per 1,000 person-years 23 1.3 1.3 1.7

HR (95% Cl)
Age-adjusted 1.0 0.93 (0.79-1.10) 0.92 (0.75-1.13) 1.16 (0.70-1.92) 0.68
Multivariable-adjusted
Model 1¢ 1.0 0.99 (0.84-1.17) 0.96 (0.78-1.18) 1.07 (0.65-1.78) 0.90
Model 2/ 1.0 0.97 (0.82-1.15) 0.90 (0.72- 1.12) 1.17 (0.70-1.94) 0.70
Model 3" 1.0 0.97 (0.82-1.15) 0.91 (0.73-1.13) 1.21 (0.73-2.00) 0.83
Model 4" 1.0 0.97 (0.82-1.15) 0.90 (0.72-1.12) 1.17 (0.70-1.94) 0.70

Caloric soft drinks

No. of deaths 3,004 581 440 102
Rate per 1,000 person-years 24 1.9 1.5 1.7

HR (95% Cl)
Age-adjusted 1.0 0.91 (0.83-1.00) 0.96 (0.86-1.06) 140 (1.15-1.71) 0.06
Multivariable-adjusted
Model 1¢ 1.0 0.96 (0.88-1.05) 0.99 (0.89-1.10) 1.36 (1.11-1.66) 0.04
Model 2/ 1.0 0.97 (0.88-1.06) 0.97 (0.87-1.08) 1.33 (1.08-1.63) 0.08
Model 3" 1.0 0.97 (0.89-1.07) 0.99 (0.89-1.10) 1.38 (1.13-1.69) 0.03
Model 4 1.0 0.97 (0.88-1.06) 0.97 (0.87-1.08) 1.33 (1.08-1.63) 0.08
Other-cause

Sweetened bottled waters/teas

No. of deaths 4,268 660 628 147
Rate per 1,000 person-years 3.9 1.7 1.8 1.7

HR (95% Cl)
Age-adjusted 1.0 0.92 (0.85-1.01) 0.98 (0.90-1.07) 1.03 (0.87-1.22) 0.95
Multivariable-adjusted
Model 1¢ 1.0 0.95 (0.87-1.03) 0.99 (0.91-1.08) 0.96 (0.81-1.13) 0.59
Model 2 1.0 0.93 (0.85-1.01) 0.98 (0.89-1.07) 0.96 (0.81-1.14) 0.50
Model 3" 1.0 0.93 (0.85-1.02) 1.00 (0.91-1.09) 1.00 (0.84-1.18) 0.91
Model 4’ 1.0 0.93 (0.85-1.02)  0.98 (0.89-1.07) 0.96 (0.81-1.14) 0.50

Fruit drinks
No. of deaths 5,348 195 141 19
Rate per 1,000 person-years 3.1 1.7 1.8 1.7

HR (95% Cl)
Age-adjusted 1.0 1.11 (0.96-1.28) 1.27 (1.07-1.50) 1.31 (0.84-2.06) 0.002
Multivariable-adjusted
Model 1¢ 1.0 1.12 (0.97-1.30) 1.27 (1.08-1.51) 1.22 (0.78-1.91) 0.004
Model 2/ 1.0 1.11 (0.96-1.30) 1.26 (1.06-1.50) 1.27 (0.76-2.10) 0.005

(continued on next page)
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Table 2. Mortality risk? in California Teachers Study participants (N = 100,314) according to type of sugar-sweetened beverage®
consumption in semiquantitative frequency categories (continued)

Sugar-sweetened beverage consumption®

> rare/never to 2 1 serving per

< 1 serving per week to < 1 serving 2= 1 serving
Mortality Rare/ never  week per day per day P for trend
Model 3" 1.0 1.14 (0.98-1.33) 1.30 (1.09-1.55) 1.29 (0.78-2.14) 0.001
Model 4" 1.0 1.12 (0.96-1.30) 1.26 (1.06-1.50) 1.27 (0.76-2.11) 0.005
Caloric soft drinks
No. of deaths 4,237 809 564 93
Rate per 1,000 person-years 34 2.6 2.0 1.5
HR (95% Cl)
Age-adjusted HR 1.0 0.96 (0.89-1.04) 1.06 (0.97-1.16) 1.59 (1.29-1.96) 0.0002
Multivariable-adjusted
Model 1¢ 1.0 0.98 (0.91-1.06) 1.04 (0.95-1.14) 142 (1.16-1.75) 0.005
Model 2/ 1.0 0.97 (0.88-1.06) 1.00 (0.91-1.10) 1.28 (1.02-1.59) 0.15
Model 3" 1.0 0.97 (0.90-1.05) 1.05 (0.96-1.15) 139 (1.12-1.72) 0.008
Model 4" 1.0 0.96 (0.88-1.04) 1.00 (0.91-1.10) 1.28 (1.02-1.59) 0.14

“Total person-time: 1,897,745 years.

®0One serving of caloric soft drink is 12 fl 0z, 1 serving of sweetened bottled water/tea is 8 fl oz.

“Models were reciprocally adjusted for the other beverage types.

9HR = hazard ratio.

“Model 1 adjusted for: age, race, socioeconomic status, marital status, smoking, alcohol intake, cardiovascular disease family history, cancer family history, diabetes family history, history of
hypertension, physical activity, aspirin use, multivitamin use, use of at least one antihypertension medication, menopausal status, menopausal hormone therapy use, and oral contraceptive
use.

‘Model 2 adjusted for: age; race/ethnicity; socioeconomic status; marital status; smoking; alcohol intake; history of hypertension; physical activity; aspirin use; multivitamin use; use of at least
one antihypertension medication; menopausal status; menopausal hormone therapy use; oral contraceptive use; body mass index; total energy intake; and intakes of fruit and vegetable, red
meat, processed meat, fish, refined carbohydrates, dietary fiber, and coffee/tea beverages.

9Intakes of dietary variables are adjusted for energy intake (residual method) in Model 2 in addition to having total energy adjustment.

"Model 3 adjusted for: variables in Model 1 and body mass index. This model assesses the impact of body mass index adjustment.

'Model 4 adjusted for: variables in Model 2 with the exception of total energy intake. This model assesses the influence of overadjustment by total energy intake.

)Intakes of dietary variables are adjusted for energy intake (residual method) in Model 4.
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