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ABSTRACT
Background: Beverages are a source of calories and other bioactive constituents but are an understudied aspect of the diet. Different beverages
have varying effects on health outcomes.
Objectives: We created the Healthy Beverage Score (HBS) to characterize participants’ beverage patterns and examined its association with
chronic kidney disease (CKD) progression, incident cardiovascular disease (CVD), and all-cause mortality among individuals with CKD.
Methods: We conducted a prospective analysis of 2283 adults aged 21–74 y with a baseline estimated glomerular filtration rate of 20–70 mL ·
min−1 · 1.73 m−2 from the Chronic Renal Insufficiency Cohort. Diet was assessed using a 124-item FFQ at visit 1 (2003–2008). The HBS, ranging
from 7 to 28 possible points, consisted of 7 components, each scored from 1 to 4 based on rank distribution by quartile, except alcohol, which was
based on sex-specific cutoffs. Participants were given more points for higher consumption of low-fat milk and of coffee/tea, for moderate alcohol,
and for lower consumption of 100% fruit juice, whole-fat milk, artificially sweetened beverages, and sugar-sweetened beverages. CKD progression,
incident CVD, and mortality were ascertained through January 2018. We conducted multivariable Cox proportional hazards models.
Results: There were 815 cases of CKD progression, 285 cases of incident CVD, and 725 deaths over a maximum of 14 y of follow-up. Compared
with participants in the lowest tertile of the HBS, participants in the highest tertile had a 25% lower likelihood of CKD progression (HR: 0.75; 95%
CI: 0.63, 0.89; P-trend = 0.001) and a 17% lower likelihood of all-cause mortality (HR: 0.83; 95% CI: 0.69, 1.00; P-trend = 0.04) after adjusting for
sociodemographic, clinical, and dietary factors. There was no significant trend for incident CVD.
Conclusions: Among individuals with CKD, a healthier beverage pattern was inversely associated with CKD progression and all-cause mortality.
Beverage intake may be an important modifiable target in preventing adverse outcomes for individuals with CKD. Curr Dev Nutr 2020;4:nzaa088.
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Introduction

Dietary pattern scores are a valuable method to assess the association
between diet quality and health outcomes because they represent how
foods and beverages are typically consumed in a real-world setting (1).
Several dietary scores have been created to assess diet quality including
a priori defined scores based on dietary guidelines, randomized clinical
trials, and geographic regions [e.g., Healthy Eating Index-2015 (HEI-
2015), Dietary Approaches to Stop Hypertension (DASH) diet, Mediter-
ranean diet].

Beverage intake represents ∼20% of total caloric intake, yet bev-
erages are not well represented in dietary scores (2). Alcohol, sugar-
sweetened beverages (SSBs), milk, and fruit juices are accounted for
in some dietary scores, but not all (3–6). Furthermore, there are many
other beverages that people consume daily such as water, coffee, tea, and
artificially sweetened beverages (ASBs) that are not captured by existing
dietary scores. These beverages contribute to fluid requirements, as well
as contain important nutrients, bioactive constituents, and calories that
may have health implications, and may interact with other nutrients in
the diet.

Few studies have examined a healthy beverage pattern and health
outcomes. The Healthy Beverage Index (HBI) created by Duffey and
Davy (7) was designed to measure beverage quality by assigning an over-
all beverage score based on consumption of water, coffee and tea, low-fat
milk, diet drinks, 100% fruit juice, alcohol, full-fat milk, and SSBs, total
beverage energy intake, and meeting fluid requirements. The index was
developed using dietary data collected in the NHANES, in which diet
was assessed using 24-h recalls. A limitation of the HBI is that it cannot
be used to assess beverage quality from FFQs, which often do not assess
water intake and may not accurately assess total beverage energy and
fluid requirements.

Given that beverages contribute nutrients and fluids that may have
implications for kidney function, we aimed to explore how beverage
quality is associated with adverse outcomes among people who have
chronic kidney disease (CKD). Our objectives were to create a healthy
beverage score that is suitable for FFQs and to examine its association
with CKD progression, incident cardiovascular disease (CVD), and all-
cause mortality among people with CKD.

Methods

Study population
We used data from the Chronic Renal Insufficiency Cohort (CRIC)
study, which is an ongoing multicenter prospective study of peo-
ple with CKD. Detailed descriptions of the study are provided else-
where (8, 9). Briefly, 3939 men and women aged 21–74 y with an
estimated glomerular filtration rate (eGFR) of 20–70 mL · min−1 ·
1.73 m−2 based on the Modification of Diet in Renal Disease Study
equation were recruited between 2003 and 2008 from 7 US clini-
cal centers. Exclusion criteria for the CRIC study included inabil-
ity to consent, institutionalized, pregnancy, or severe chronic condi-
tions (8). Participants attended in-person visits each year and had
telephone interviews between visits. Annual follow-up rates for vis-
its 2, 3, 4, and 5 were 89%, 93%, 94%, and 93%, respectively. The
study protocol was approved by the institutional review boards of

all participating centers. All participants provided informed con-
sent.

For our analysis, participants were excluded if they did not fill out
the FFQ or were missing >60% FFQ responses (n = 1046), had extreme
energy intakes [women: <500 or >3500 kcal/d; men: <700 or >4500
kcal/d (n = 50)], were missing covariates of interest (n = 533), or had in-
complete responses to the beverage questions in the FFQ (n = 27). The
current analysis included 2283 participants. For the analyses of incident
CVD (and subtypes of CVD), the sample size was reduced to 1578 par-
ticipants owing to excluding 705 participants who reported a history of
CVD at baseline.

Diet assessment
Diet was assessed at baseline using the National Cancer Institute’s 124-
item Diet History Questionnaire (DHQ), which was previously vali-
dated in another cohort (10). The DHQ asked participants to self-report
the consumption frequency and portion size of foods and beverages
consumed in the preceding year. We converted responses for orange or
grapefruit juice, other 100% fruit juice, fruit drinks, milk, soft drinks,
beer, wine, liquor, coffee, iced tea, and hot tea to fluid ounces per day.
For fruit drinks and soft drinks, an additional question asked how often
the drinks were diet. For milk, an additional question asked what type
of milk the participant usually drank (whole, 2%, 1%, nonfat). We com-
bined 2%, 1%, and nonfat milks into the category of low-fat milk. For
coffee and tea, additional questions inquired about how frequently par-
ticipants added sugar, artificial sweetener, milk, or cream. We grouped
orange or grapefruit juice with other 100% fruit juice to create a fruit
juice component. We created a category for ASBs, which included diet
soda, diet fruit drinks, and artificially sweetened coffee and tea. We also
grouped SSBs together, which included fruit drinks, regular soda, and
sweetened coffee and tea. We examined correlation coefficients between
beverage groups using Pearson’s correlation test.

Healthy Beverage Score
We created a Healthy Beverage Score (HBS) that ranged from 7 to 28
and included 7 components (Table 1). Each component was scored
1–4 based on rank distribution by quartile, except for alcohol. Com-
ponents were grouped into adequacy components, which represented
beverages that were scored positively (low-fat milk, and unsweetened
coffee and tea), and moderation components, which represented bever-
ages that were scored negatively (fruit juice, whole-fat milk, ASBs, and
SSBs). For alcohol, participants who never drank or were heavy drinkers
(>2 drinks/d for men and >1 drink/d for women) were assigned a score
of 1 and moderate drinkers (>0 and <2 drinks/d for men and >0 and
<1 drink/d for women) were assigned a score of 4. This rank distribu-
tion scoring system is similar to the scoring method used for the DASH
diet, which used quintiles to rank participants by each component (6).
We chose these 7 components to mirror the components selected for the
previously defined HBI, which was based on recommendations from the
Healthy Beverage Guidance System (11).

In sensitivity analyses, we created different variations of the HBS
that used different score cutoffs (e.g., sex-specific median, quintiles, any
compared with never), gave more weight to SSBs, separated coffee and
tea into 2 components, and included vegetable juice as an additional
component.
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TABLE 1 Scoring criteria for the Healthy Beverage Score

Component Minimum score Maximum score

Adequacy
Low-fat milk (≤2% fat milk) 1 (Quartile 1) 4 (Quartile 4)
Coffee and tea (unsweetened coffee or tea) 1 (Quartile 1) 4 (Quartile 4)

Moderation
Whole-fat milk (whole-fat milk) 1 (Quartile 4) 4 (Quartile 1)
Fruit juice (orange juice or other fruit juice) 1 (Quartile 4) 4 (Quartile 1)
Artificially sweetened beverages (diet soda, diet fruit drink, or artificially

sweetened coffee/tea)
1 (Quartile 4) 4 (Quartile 1)

Sugar-sweetened beverages (fruit drinks, regular soda, or sweetened coffee/tea) 1 (Quartile 4) 4 (Quartile 1)
Alcohol1 (beer, wine, or liquor) 1 (Never or heavy drinker) 4 (Moderate drinker)

Total 7 28
1Heavy drinker defined as >2 drinks/d for men and >1 drink/d for women. Moderate drinker defined as >0 and ≤2 drinks/d for men and >0 and ≤1 drink/d for women.

Outcomes
CKD progression was defined as ≥50% decrease in eGFR from base-
line or end-stage renal disease (ESRD), which included long-term dial-
ysis therapy or kidney transplantation. Time to eGFR halving was im-
puted assuming a linear decline in kidney function between annual
visits (12, 13). Information on dialysis and kidney transplantation was
obtained during follow-up visits and telephone interviews and con-
firmed by medical chart review of records from the dialysis unit or hos-
pital. Ascertainment of ESRD was supplemented by data from the US
Renal Data System.

Incident CVD was defined as a myocardial infarction (MI), conges-
tive heart failure (CHF), or stroke event, as previously described (8, 9).
Cardiovascular events were assessed using a standard Medical Event
Questionnaire during all follow-up interviews. For participants who
were hospitalized owing to a CVD event, their medical records were
requested for verification. Two physicians adjudicated each cardiovas-
cular event. MI was based on symptoms of angina, cardiac biomark-
ers, and electrographic data. CHF was based on hospital admission for
new or worsening heart failure signs and symptoms and diminished car-
diac output. Stroke was defined as rapid onset of a neurological deficit,
headache, or other nonvascular effect, by a lesion on brain imaging for
>24 h or death within 24 h.

Deaths were recorded based on reports by next of kin, death cer-
tificates, hospital records, and linkage with the Social Security Death
Master File. Participant follow-up was censored at time of death, loss to
follow-up, or administratively in January 2018.

Assessment of covariates
Participants provided sociodemographic information, medical history,
and medication use at baseline through self-reported questionnaires.
Physical activity was summarized as metabolic equivalent tasks per
week based on participants’ responses to the Multi-Ethnic Study of
Atherosclerosis Typical Week Physical Activity Survey (14). Weight
(kg) and height (m) were measured using standard protocols (9) and
used to calculate BMI as kg/m2. eGFR was calculated using a CRIC-
specific equation (12). Urinary protein excretion was measured using
a 24-h urine sample and collected at each annual visit. HDL choles-
terol was measured using the enzymatic colorimetric method. Diabetes
mellitus was defined as a fasting plasma glucose concentration ≥126
mg/dL, a nonfasting plasma glucose concentration ≥200 mg/dL, or self-

reported use of anti–diabetes mellitus medication. Systolic blood pres-
sure was based on the mean of 3 seated measurements that were ob-
tained by trained staff after 5 min of rest. Participants self-reported
whether they had a history of CVD. HEI-2015 score ranged from 0
to 100 and consisted of 13 components (total fruits, whole fruits, total
vegetables, greens and beans, whole grains, refined grains, dairy, total
protein, seafood or plant protein, ratio of unsaturated to saturated fatty
acids, saturated fats, sodium, and added sugars) based on recommen-
dations from the 2015–2020 Dietary Guidelines for Americans (3). We
calculated the score based on responses from the FFQs.

Statistical analysis
Participants’ baseline characteristics were summarized by tertile of
HBS. We calculated the correlation coefficient between the HBS and
the HEI-2015 score using Pearson’s correlation. HRs for the associations
of HBS tertiles with time to CKD progression, incident CVD, and all-
cause mortality were calculated using Cox proportional hazards models.
The assumption of proportionality was tested using Schoenfeld residu-
als. We did not observe substantial deviations from proportionality. For
each outcome, we used 3 progressively adjusted models. Model 1 was
adjusted for age, sex, race, clinical site, education, income level, base-
line eGFR, urinary protein, and total energy intake; model 2 adjusted for
factors in model 1 and smoking status and physical activity; and model
3 adjusted for factors in models 1 and 2 plus BMI, diabetes mellitus,
history of CVD, systolic blood pressure, HDL cholesterol, angiotensin-
converting enzyme (ACE) inhibitor or angiotensin II receptor blocker
(ARB) use, and HEI-2015 score. We used the median value of HBS
within each tertile to calculate the P-trend to test whether there was a
linear relation between HBS and outcomes. In addition to the analysis
according to tertile of HBS, we conducted a continuous analysis for each
outcome per 1 point higher in HBS.

We examined the association between individual components of the
HBS and each outcome by treating the scores as a categorical variable
(1–4) and as a continuous variable. We used the same covariates as
model 3 in the primary analysis and further adjusted for all other bev-
erage components of the HBS.

We tested for interactions by age, sex, race (white compared with
nonwhite), and baseline eGFR (>45 compared with ≤45 mL · min−1

· 1.73 m−2) using the likelihood ratio test. We also examined the as-
sociation of HBS with each subtype of incident CVD (MI, CHF, and
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TABLE 2 Baseline characteristics of CRIC participants by tertile of HBS1

HBS

Characteristics Tertile 1: 9–162 Tertile 2: 17–182 Tertile 3: 19–262

n 980 589 714
Age, y 57 ± 11 58 ± 11 59 ± 11
Female 45 48 52
Nonwhite 61 42 31
Education ≥college or vocational/tech 33 41 47
Income ≥$50,000 32 39 43
Current smoker 14 10 10
Physical activity, METs/wk 200 ± 141 205 ± 124 207 ± 126
BMI, kg/m2 32 ± 8 31 ± 8 32 ± 8
Diabetes mellitus 42 44 46
History of CVD 33 30 29
Systolic BP, mm Hg 128 ± 22 125 ± 20 124 ± 20
eGFR, mL · min−1 · 1.73 m−2 46 ± 17 46 ± 17 48 ± 17
Urinary protein, g/24 h 1.0 ± 2.3 0.8 ± 1.8 0.8 ± 2.0
HDL cholesterol, mg/dL 48 ± 15 49 ± 16 49 ± 16
ACEi or ARB use, % 66 71 67
Total energy intake, kcal/d 1916 ± 801 1769 ± 718 1618 ± 700
HEI-2015 score 65 ± 12 67 ± 12 67 ± 12
1Values are percentages for categorical variables and mean ± SD for continuous variables. ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor
blocker; BP, blood pressure; CRIC, Chronic Renal Insufficiency Cohort; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HBS, Healthy Beverage
Score; HEI, Healthy Eating Index; MET, metabolic equivalent task.
2Range of HBS.

stroke) separately. All analyses were performed using Stata version 14.0
(StataCorp).

Results

Baseline characteristics
Compared with those who were excluded from our sample popula-
tion, participants included in the final study sample were more likely
to have a higher socioeconomic status, healthier lifestyle behaviors, and
more favorable clinical characteristics (Supplemental Table 1). Par-
ticipants who had a higher HBS, indicating a healthier beverage pro-
file, were more likely to be older, female, white, have a higher educa-
tion, higher income level, be more physically active, have diabetes, have
a lower total energy intake, and have a higher diet quality score (as-
sessed using HEI-2015) compared with participants who had a lower
HBS (Table 2). In addition, those with a higher HBS were also less
likely to be smokers, be hypertensive, or have a history of CVD. Kid-
ney function (eGFR) was slightly higher and kidney damage (urinary
protein) was slightly lower for those with a higher HBS. Correlation co-
efficients between beverage groups ranged from 0.001 (fruit juice and al-
cohol) to 0.70 (low-fat milk and whole-fat milk) (Supplemental Table
2). The correlation coefficient between the HBS and HEI-2015 scores
was 0.09.

HBS and CKD progression, incident CVD, and all-cause
mortality
There were 815 cases (36%) of CKD progression over a median follow-
up of 7 y. In models 1 and 2, tertiles 2 and 3 of HBS were signifi-
cantly associated with lower risk of CKD progression relative to tertile 1
(Table 3). In model 3, after also adjusting for BMI, diabetes, history of

CVD, systolic blood pressure, HDL cholesterol, ACE inhibitor/ARB use,
and HEI-2015 score, the association remained significant (HR for tertile
2 compared with 1: 0.80; 95% CI: 0.67, 0.95; HR for tertile 3 compared
with 1: 0.75; 95% CI: 0.63, 0.89; P-trend = 0.001). For each additional
1 point higher in HBS, participants were 6% less likely to develop CKD
progression (HR: 0.94; 95% CI: 0.91, 0.98).

After excluding participants with a history of CVD at baseline (n =
705), there were 285 incident CVD events (18%) throughout a median
follow-up time of 11 y. There were no significant associations between
HBS and incident CVD in model 1 or 2. In model 3, there was a signifi-
cant association between tertile 2 of HBS and incident CVD compared
with tertile 1 (HR: 0.71; 95% CI: 0.52, 0.98) but not for tertile 3. There
was no significant trend across tertiles for any of the models.

Over a median follow-up time of 12 y, there were 725 deaths (32%)
due to any cause. The association between HBS and all-cause mortality
was nonsignificant for models 1 and 2. In the fully adjusted model, par-
ticipants in tertile 3 were 17% less likely to die than participants in tertile
1 (HR: 0.83; 95% CI: 0.69, 1.00; P-trend = 0.04). For each additional 1
point higher in HBS, there was a 4% reduction in all-cause mortality
risk (HR: 0.96; 95% CI: 0.93, 1.00).

Individual components and CKD progression, incident CVD,
and all-cause mortality
Figure 1 shows the associations of a 1-point increase in each in-
dividual component with CKD progression, incident CVD, and all-
cause mortality. There were no significant independent associations
for whole-fat milk, ASBs, SSBs, or alcohol and CKD progression, inci-
dent CVD, or all-cause mortality. Each additional point for low-fat milk
(indicating greater consumption) was associated with lower likelihood
of CKD progression, each additional point for fruit juice (indicating
lower consumption) was associated with lower likelihood of incident
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TABLE 3 Risk of CKD progression, incident CVD, and all-cause mortality, by tertile of HBS1

Tertile 1 Tertile 2 Tertile 3 P-trend2
Continuous (per
1 point higher)

CKD progression
Cases, n 401 196 218
Model 1 1 (ref.) 0.80 (0.68, 0.96) 0.75 (0.63, 0.89) 0.001 0.94 (0.91, 0.98)
Model 2 1 (ref.) 0.81 (0.68, 0.96) 0.75 (0.63, 0.89) 0.001 0.94 (0.91, 0.98)
Model 3 1 (ref.) 0.80 (0.67, 0.95) 0.75 (0.63, 0.89) 0.001 0.94 (0.91, 0.98)

Incident CVD (myocardial infarction, heart failure, stroke)3

Cases, n 134 57 94
Model 1 1 (ref.) 0.73 (0.53, 1.01) 1.02 (0.77, 1.34) 0.8 1.01 (0.95, 1.07)
Model 2 1 (ref.) 0.75 (0.54, 1.03) 1.04 (0.78, 1.37) 0.7 1.01 (0.95, 1.07)
Model 3 1 (ref.) 0.71 (0.52, 0.98) 0.95 (0.72, 1.25) 0.8 0.99 (0.94, 1.05)

All-cause mortality
Cases, n 338 188 199
Model 1 1 (ref.) 0.97 (0.81, 1.16) 0.84 (0.70, 1.01) 0.1 0.97 (0.93, 1.00)
Model 2 1 (ref.) 0.99 (0.82, 1.18) 0.85 (0.71, 1.02) 0.1 0.97 (0.93, 1.00)
Model 3 1 (ref.) 1.01 (0.84, 1.21) 0.83 (0.69, 1.00) 0.04 0.96 (0.93, 1.00)

1Tertile HBS ranges and sample sizes were as follows: CKD progression: tertile 1, 9–16 (n = 980); tertile 2, 17–18 (n = 589); tertile 3, 19–26 (n = 714); incident CVD:
tertile 1, 10–16 (n = 654); tertile 2, 17–18 (n = 414); tertile 3, 19–26 (n = 510); all-cause mortality: tertile 1, 9–16 (n = 980); tertile 2, 17–18 (n = 589); tertile 3, 19–26 (n =
714). Cox proportional hazards models were used to estimate HRs and 95% CIs. Model 1 was adjusted for age, sex, race, clinical site, education, income level, baseline
estimated glomerular filtration rate, urinary protein, and total energy intake. Model 2 was further adjusted for smoking status and physical activity. Model 3 included
model 2 covariates in addition to BMI, diabetes mellitus, history of CVD, systolic blood pressure, HDL cholesterol, angiotensin-converting enzyme inhibitor or angiotensin
II receptor blocker use, and Healthy Eating Index-2015 score. CKD, chronic kidney disease; CVD, cardiovascular disease; HBS, Healthy Beverage Score; ref., reference.
2Trend was tested using the median value within each tertile.
3Sample size for analyses of incident CVD was 1578 participants; 705 participants with a history of CVD at baseline were excluded.

CVD, and each additional point for coffee and tea (indicating greater
consumption) was associated with lower likelihood of all-cause mortal-
ity. Supplemental Table 3 shows the HRs by category of each compo-
nent’s scores.

When we examined the associations of different variations of the
HBS with CKD progression, incident CVD, and all-cause mortality, the
findings were consistent with our main results. There were no signif-
icant interactions by age, sex, race, or baseline eGFR (P-interaction >

0.05). In a sensitivity analysis according to subtype of CVD (MI, CHF,
and stroke), participants in tertile 3 of the HBS relative to tertile 1 had an
increased likelihood of MI in models 1 and 2 (Supplemental Table 4).
However, in model 3, after adjusting for clinical and dietary variables,
the association was no longer significant. For CHF, there was an inverse
association with HBS comparing tertile 3 with tertile 1 but it was not
significant in any of the models. For stroke, there was a direct associ-
ation between HBS and stroke comparing tertile 3 with tertile 1 but it
was not significant.

Discussion

In our study of 2283 participants with CKD at baseline, we created a
novel index to assess overall beverage quality and found that higher
scores were inversely associated with CKD progression and all-cause
mortality, but not incident CVD. Lifestyle and clinical factors did not
substantially change the associations between HBS and the 3 outcomes.
Low-fat milk was inversely associated with CKD progression, fruit juice
was directly associated with incident CVD, and unsweetened coffee and
tea was inversely associated with all-cause mortality. The association
between the HBS and CKD progression was stronger than any of the
independent associations for the individual components, suggesting a

potential cumulative effect of beverages on CKD progression. The cor-
relation between the HBS and the HEI-2015 score was very low, suggest-
ing that diet quality scores such as HEI-2015 do not adequately assess
beverage quality, an important dimension of total diet.

To our knowledge, this is the first study to examine the association
between overall beverage quality and health outcomes longitudinally
and the second a priori index created to assess overall beverage qual-
ity. Previously, Duffey and Davy (7) created the HBI in NHANES and
found that the score was associated in a cross-sectional analysis with
cardiometabolic outcomes (e.g., hypertension, fasting insulin, fasting
glucose, and cholesterol). The HBI was created based on 24-h recalls
to assess diet. Therefore, the HBI was not easily transferrable to a lon-
gitudinal cohort in which FFQs were used to assess diet. For example,
water was not assessed in the FFQ used in the CRIC Study, and total
beverage energy and fluid requirements could not be accurately esti-
mated because the FFQ was based on average intake over the previous
year rather than intake for a single day. Thus, we attempted to create a
beverage score that included the beverage components in the HBI, with
the exception of water. Whereas the HBI scored components based on
percentage of fluid requirements, the HBS scored participants based on
rank distribution by quartiles. Whereas optimal consumption of alco-
hol was moderate consumption in the HBS, none to moderate alcohol
consumption was scored the highest in the HBI. Furthermore, the HBS
weighted all of the components equally, whereas the HBI assigned SSBs
3 times the weight of the other beverage components.

We found that low-fat milk was inversely associated with CKD pro-
gression. To our knowledge, this is the first study to examine the as-
sociation between low-fat milk and CKD progression. However, a pre-
vious study found that in a population of 14,882 generally healthy
participants, low-fat dairy was inversely associated with incident CKD
(15). Dairy peptides (casein and whey proteins) and nutrients (e.g., cal-
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FIGURE 1 Risk of chronic kidney disease progression (A), incident
CVD (B), and all-cause mortality (C) by individual components of
the HBS per 1 point higher. Cox proportional hazards models were
used to estimate HRs and 95% CIs. Models were adjusted for age,
sex, race, clinical site, education, income level, baseline estimated
glomerular filtration rate, urinary protein, total energy intake,
smoking status, physical activity, BMI, diabetes mellitus, CVD,
systolic blood pressure, HDL cholesterol, angiotensin-converting
enzyme inhibitor or angiotensin II receptor blocker use, Healthy
Eating Index-2015 score, and all other components of the HBS.
Alcohol was modeled as moderate drinkers compared with heavy
or never drinkers. Sample size for analyses of incident CVD was
1578 participants; 705 participants with a history of CVD at
baseline were excluded. ASB, artificially sweetened beverage;
CVD, cardiovascular disease; HBS, Healthy Beverage Score; SSB,
sugar-sweetened beverage.

cium, potassium, and magnesium) in milk may have a protective re-
nal effect through lowering blood pressure and acting as ACE inhibitors
to hinder the renin–angiotensin system (16, 17). Furthermore, low-fat
milk was inversely associated with CKD progression but whole-fat milk
was not, suggesting that high fat content may counter the beneficial con-

stituents in milk. Future studies should investigate further the role of
low-fat milk in CKD progression.

Higher consumption of fruit juice was directly associated with in-
cident CVD in our study. Evidence is mixed regarding the health ef-
fects of fruit juices considering they provide important nutrients but
are also high in sugar, contribute calories, and have a high glycemic in-
dex (18–20). For example, 100% fruit juice has been found to be asso-
ciated with long-term weight gain and type 2 diabetes but evidence is
inconsistent for CVD (21–23). A pooled analysis of the Nurses’ Health
Study and Health Professionals’ Follow-Up Study found a null associ-
ation between citrus fruit juice and incident CVD (24). In the Danish
Diet, Cancer, and Health cohort study, fruit juice was associated with
acute coronary syndrome among women but not men (25). These stud-
ies were conducted in healthy populations; therefore, more evidence
is needed for fruit juice consumption among people with CKD, who
may have other comorbidities such as obesity or diabetes. Although
the FFQ in our study specified that fruit juice was 100% fruit juice, it
is possible that participants reported juices that were not 100% fruit
juice.

We found the coffee and tea component to be inversely associated
with all-cause mortality, but not CKD progression. Coffee consumption
has consistently been shown to be associated with lower risk of all-cause
mortality (26, 27) and possibly with incident CKD (28); however, there
is less evidence on the association with CKD progression. We expected
that coffee consumption may help lower risk of CKD progression by
improving glycemia and therefore lowering risk of diabetic nephropa-
thy or by protecting the glomerular endothelium from oxidative stress
and inflammation (29, 30). However, these health-promoting attributes
of coffee may not have the same effects after the onset of CKD. In a
prospective study of a general population from the Multiethnic Cohort,
participants who drank ≥1 cup of coffee per day had a significantly
lower risk of death due to kidney disease than people who never drank
coffee (27). In the Singapore Chinese Health Study, a prospective co-
hort of 63,257 adults, higher coffee consumption was inversely associ-
ated with ESRD, but tea was not associated with ESRD (31). Evidence
is limited on the association of coffee and tea with CKD progression
among people with CKD.

There are several limitations of our study. Our results are general-
izable only to individuals with CKD stages 2–4 and we cannot draw
conclusions related to beverage quality among people with renal fail-
ure. ESRD patients may have different nutrient and fluid restrictions
that should be considered when assessing beverage quality and intake.
Diet was self-reported using FFQs, which may result in measurement
error. However, measurement error would likely make our estimates
conservative in comparison with the true associations. Many partici-
pants (n = 702) did not respond or completely respond to the FFQ at
baseline, which may be an indicator of a less healthy lifestyle. Partici-
pants excluded from our study sample had lower socioeconomic status
and poorer baseline health markers than participants included. There-
fore, our estimates may underestimate the true associations. The FFQ
did not assess intake of water, which is a frequently consumed bever-
age. Because water was not assessed, we also could not calculate total
fluid intake, which is an important factor in assessing beverage con-
sumption. Future questionnaires to assess dietary and beverage habits
should measure water intake. Another limitation was that we did not
incorporate daily fluid requirements into the HBS. Because fluid re-
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quirements requires total volume of beverages consumed in a day and
our FFQ assessed diet in the past year, we felt that our data may not
be appropriate for this metric. Therefore, we did not include beverage
energy intake or fluid requirements in the HBS. Owing to many partic-
ipants having CVD at baseline, our sample size was much smaller for
analyses for incident CVD (n = 1578). Therefore, the power for these
analyses was most likely too low to detect significant associations. We
found that tertile 2 of the HBS was significantly inversely associated
with incident CVD; however, the P-trend was not significant. Further-
more, our results from analyses of subtypes of CVD suggest that par-
ticipants in tertile 3 of the HBS may have opposite associations for MI
and stroke compared with participants in tertile 2. However, the sample
sizes for these analyses were too small to interpret these findings. Lastly,
there may be residual confounding due to incomplete adjustment of
covariates.

Despite the limitations, there were many strengths of our study. This
was one of the first studies that created an a priori score for beverage
patterns suitable for studies using FFQs to assess diet and was the first
study to longitudinally assess the association between beverage quality
and health outcomes. The follow-up time was long with a maximum of
14 y. Our study included white, black, and Hispanic men and women
with CKD from 7 sites in the United States, allowing for broad general-
izability.

Our findings have several important implications. Identifying bev-
erages with a protective association with CKD progression could help
inform future US Dietary Guidelines and clinical guidelines for peo-
ple with CKD. In a clinical setting, clinicians may recommend peo-
ple with chronic illnesses consume more of certain beverages (e.g.,
coffee, low-fat milk) or avoid certain beverage types (e.g., fruit juice).
Furthermore, the HBS may be applied to other cohorts with FFQ
data to assess beverage quality and health outcomes in other popula-
tions of healthy individuals and those with other common comorbid
conditions (CVD, diabetes). Overall, our study highlights the impor-
tance of beverages as a critical contributor to the overall diet and to
health.

In conclusion, we created a novel index that assessed beverage qual-
ity. Our findings suggest that an overall healthy beverage pattern is in-
versely associated with CKD progression and all-cause mortality, and
the health implications of individual beverage components may be cu-
mulative. This index may be a valuable method of assessment that can
be applied in other cohorts to assess beverage quality and health out-
comes. These findings may aid in identifying optimal beverage patterns
to prevent adverse health outcomes among the general population and
among those with chronic illnesses.
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