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ABSTRACT
Background: Management of high blood pressure (BP), a key feature
of the metabolic syndrome (MetS), relies on diet and medication.
Whether these modalities are used as complements has never been
evaluated in real-world settings. This study assessed the relationship
between diet quality and antihypertensive medication intensity among
adults with MetS-associated high BP.
Methods: This cross-sectional study included 915 adults with MetS-
associated high BP from the CARTaGENE cohort (Qu�ebec, Canada),
of whom 677 reported using BP-lowering medication. Antihypertensive
medication intensity was graded per the number of BP-lowering clas-
ses used simultaneously. Diet quality was assessed using the Dietary
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R�ESUM�E
Introduction : La prise en charge de la pression art�erielle (PA) �elev�ee,
l’une des caract�eristiques principales du syndrome m�etabolique
(SMet), repose sur une saine alimentation et l’usage de m�edicaments
hypotenseurs. Il n’a jamais �et�e �evalu�e si ces modalit�es �etaient utilis�ees
de façon compl�ementaire en contexte r�eel. La pr�esente �etude portait
sur la relation entre la qualit�e de l’alimentation et la m�edication
antihypertensive au sein d’adultes ayant une PA �elev�ee associ�ee au
SMet.
M�ethodes : Cette �etude transversale regroupait 915 adultes de la
cohorte CARTaGENE (Qu�ebec, Canada) ayant une PA �elev�ee associ�ee
au SMet, dont 677 ont rapport�e prendre des m�edicaments abaissant
Metabolic syndrome (MetS) refers to the cluster of metabolic
abnormalities associated with abdominal obesity.1 These
include dysregulated glucose homeostasis, an atherogenic dys-
lipidemia, and hemodynamic changes increasing blood pressure
(BP).2 MetS affects about 1 in 3 adults in North America and
drastically increases the risk of cardiovascular diseases
(CVDs).2,3 High BP has repeatedly been reported as the most
prevalent feature of MetS.4 Notably, individuals with MetS and
concomitant high BP exhibit higher systolic and diastolic BP as
well as higher risk of CVD than individuals with high BP but
without MetS.4-6 These data underline the crucial importance
of adequately controlling BP in MetS.

The cornerstone of management of high BP relies on the
complementarity of lifestyle modification, for which diet is a
key component, and medication use.7 On the one hand, the
Dietary Approach to Stop Hypertension (DASH) trial has
demonstrated the hypotensive effects of a diet rich in vege-
tables, fruits, low-fat dairy products, whole grains, fish, le-
gumes, and nuts.8 Subsequent studies confirmed that such
dietary pattern is not only associated with lower BP but also
with lower incidence of CVD.9 On the other hand, when
lifestyle management is not sufficient to normalize BP, BP-
lowering medication is recommended. Several BP-lowering
agents are available. As such, if monotherapy induces unsuf-
ficient decreases in BP, the intensity of the pharmacologic
therapy can be increased by combining different classes.7 Still,
in spite of the numerous dietary and pharmacologic options to
control BP, national rates of adequate hypertension control
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Approach to Stop Hypertension (DASH) score.
Results: No evidence of a relationship between antihypertensive
medication intensity and diet quality was found (b for each additional
antihypertensive ¼ e0.05; 95% CI, e0.35; 0.26 DASH score points).
However, among men aged < 50 years and women aged < 60 years,
the DASH score was inversely associated with medication intensity (b¼
e0.72; 95% CI, e1.24, e0.19), whereas this relationship tended to be
positive among older participants (b ¼ 0.32; 95% CI, e0.05, 0.69).
Among participants with low Framingham risk score, the DASH score
was inversely associated with medication intensity (b ¼ e0.70; 95%
CI, e1.31, e0.09), but no evidence of an association was found
among individuals at moderate (b ¼ 0.00; 95% CI, e0.45, 0.45) or
high (b ¼ 0.30, 95% CI, e0.24, 0.84) risk.
Conclusions: In this cohort of adults with MetS-associated high BP,
there was an overall lack of complementarity between diet quality and
BP-lowering medication, especially among younger individuals and
those with a lower risk for cardiovascular disease for whom diet quality
was inversely associated with intensity of medication.

la PA. L’intensit�e de la m�edication antihypertensive a �et�e �evalu�ee par
le nombre de classes de m�edicaments abaissant la PA utilis�ees
simultan�ement. La qualit�e du r�egime alimentaire a �et�e �evalu�ee à
l’aide du score Dietary Approache to Stop Hypertension (DASH).
R�esultats : Aucune �evidence d’une relation entre l’intensit�e des
m�edicaments antihypertenseurs et la qualit�e de l’alimentation n’a �et�e
observ�ee (b pour chaque antihypertenseur suppl�ementaire ¼ e0,05 ;
intervalle de confiance [IC] à 95 %, e0,35 ; 0,26 point au score DASH).
Toutefois, chez les hommes âg�es < 50 ans et chez les femmes âg�ees
< 60 ans, le score DASH �etait inversement associ�e à l’intensit�e des
m�edicaments (b ¼ e0,72 ; IC à 95 %, e1,24, e0,19), alors que cette
relation avait tendance à être positive chez les participants plus âg�es
(b ¼ 0,32 ; IC à 95 %, e0,05, 0,69). Chez les participants qui avaient
un score de risque de Framingham faible, le score DASH �etait inver-
sement associ�e à l’intensit�e des m�edicaments (b ¼ e0,70 ; IC à 95 %,
e1,31, e0,09), mais aucune �evidence d’une association n’a �et�e
observ�ee chez les individus qui avaient un risque mod�er�e (b ¼ 0,00 ; IC
à 95 %, e0,45, 0,45) ou �elev�e (b ¼ 0,30, IC à 95 %, e0,24, 0,84).
Conclusions : Au sein de cette cohorte d’adultes qui avaient une PA
�elev�ee associ�ee au SMet, aucune �evidence de compl�ementarit�e entre
la qualit�e de l’alimentation et l’intensit�e de la m�edication antihyper-
tensive n’a �et�e observ�ee, particulièrement chez les individus plus
jeunes et chez ceux expos�es à un risque plus faible de maladies car-
diovasculaires pour qui la qualit�e du r�egime alimentaire �etait inver-
sement associ�ee à l’intensit�e des m�edicaments.
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have declined in the past decade in both Canada and the
United States.10,11 These statistics raise questions on the
complementarity between nutritional and pharmacologic
management of high BP, especially as the initiation of BP-
lowering medication has been associated with unfavourable
lifestyle changes.12 Indeed, prospective data from Finland
showed that individuals who initiated BP-lowering medica-
tions were more likely to decrease their practice of physical
activity subsequently compared with noninitiators.12 The
underlying reason would be relateddat least in partdto the
perceived effectiveness of medication, which would represent a
barrier to favourable lifestyle modifications.12 Ultimately,
substituting medication for lifestyle management is likely to
alter control of BP and lead to intensification of drug treat-
ment, which may increase the risk of adverse effects and
nonadherence, further fuelling this cycle.13 Still, to our
knowledge, no study has assessed the relationship between
intensity of BP-lowering medication and diet quality among
adults with MetS-associated high BP.

The objective of this study was to assess the relationship
between diet and BP-lowering medication use in the man-
agement of MetS-associated high BP among adults from the
Province of Qu�ebec (Canada). Specifically, we first evaluated
the relationship between diet quality, using the DASH score,
and BP-lowering pharmacotherapy intensity. Second, we
assessed how these 2 modalities were associated with control
of BP.
Methods
The protocol was reviewed and approved by Laval Uni-

versity Ethics Committee and CARTaGENE Sample and
Data Access Committee.
Study population

This study is a cross-sectional analysis within the CAR-
TaGENE Qu�ebec population-based cohort (Canada).14 At
study inception, 43,037 Qu�ebec residents aged between 40 to
69 years were recruited to participate in CARTaGENE.
Recruitment took place during 2 phases (A: n ¼ 19,068,
2009-2010; B: n ¼ 23,969, 2013-2014). Participants were
randomly selected from provincial health insurance registries
to be representative of the 2006 Qu�ebec population based on
age, sex, and area of residence. CARTaGENE adhered to the
Declaration of Helsinki, and all participants signed informed
consent forms at the time of inclusion in the study.14

The current analysis leverages data from phase A, as diet
was only assessed among participants of this phase. For phase
A, data collection was conducted during in-person interviews
in 2009 and 2010. The interview included identification;
consent; self-administered sociodemographic and lifestyle
questionnaire; interviewer-administered health questionnaire;
physical measurements; and biospecimen collection.14-16 In
2012, phase A participants were invited by mail to complete a
food frequency questionnaire (FFQ) from home, which ended
being returned by w10,000 individuals.14

For the current study, inclusion criteria were having MetS
(per the harmonized definition)17; having self-reported a his-
tory of high BP or a hypertension diagnosis (ie, all included
participants were aware that they had high BP); having
adequately completed the FFQ (ie, < 40% of blank items);
having reported plausible energy intakes in the FFQ (ie,
women: 500-3500 kcal per day; men: 800-4200 kcal per day);
and having had BP measured during the in-person interview.
Individuals having histories of diabetes, CVD, or cancer or
who were pregnant at the moment of data collection were
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excluded. A total of 915 adults were included in the study
(Supplemental Fig. S1).

Assessment of diet and diet quality

Diet was assessed using the Canadian Dietary History
Questionnaire II (C-DHQ II).18-22 This FFQ was initially
developed and validated by the US National Cancer Institute.
This FFQ assesses dietary intakes over the 12 months pre-
ceding its completion, addressing the frequency of con-
sumption of 153 foods and the portion size usually consumed.

Diet quality was assessed using the DASH score.23 This
score is calculated based on intake of the 8 key food groups
and nutrients in the DASH diet: whole fruits; whole vegeta-
bles; nuts and legumes; low-fat dairy products; whole grains;
red and processed meats; sugar-sweetened beverages (SSBs);
and sodium. For each component, participants were classified
into quintiles according to their daily intake. For whole fruits,
whole vegetables, nuts and legumes, low-fat dairy products,
and whole grains, the score attributed to each participant was
equivalent to its quintile ranking. For red and processed
meats, SSBs, and sodium, the lowest quintile of intake was
attributed a score of 5 points, whereas the highest quintile was
given 1 point. Scores were summed to obtain the DASH
score, which could range from 8 (minimum adherence) to 40
(maximum adherence).23

Assessment of blood pressure-lowering medication use
and intensity

Information on BP-lowering medication use was obtained
from the health questionnaire in which participants had to
self-report the types and the dosages of the medication they
used. A previous study within CARTaGENE demonstrated
the high agreement between self-reported medication and
claim prescription records (kappa [k] > 0.80).24 We graded
the intensity of BP-lowering medication according to the
number of BP-lowering medication classes used simulta-
neously, in accordance with the International Society of Hy-
pertension guidelines7 and as done in previous studies.25,26 In
sensitivity analyses, we graded intensity of medication using
the number of antihypertensive pills to take into account
polypharmacy burden as well as the fact that some classes can
be combined in a single pill.27 Finally, we assessed medication
intensity using the Therapeutic Intensity Score (TIS).28 This
score takes into account the number and the types of medi-
cation, the prescribed daily dose, and maximum recom-
mended daily dose. A higher TIS indicates greater intensity of
medication. The TIS was calculated among the subgroup of
participants who provided complete information about the
dosages of their BP-lowering therapy (n ¼ 594; ie, 238 in-
dividuals not using medication [TIS ¼ 0], and 356 in-
dividuals using medication [TIS > 0]).

Assessment of blood pressure and other physical and
biochemical parameters

Systolic and diastolic BP were measured during the in-
person interview, after 10 minutes of seated rest in an iso-
lated room, with previous upper-arm measurement to deter-
mine adequate BP cuff size. Data were reported as the average
of 3 measurements performed at 2-minute intervals using an
automated oscillometric device (Colin Press-Mate Prodigy II
Vital Signs Monitor OM-2200, Orlando, Florida, USA).14

Concentrations of total-cholesterol, HDL-cholesterol, tri-
glycerides, and glucose were measured from the fasting plasma
sample collected during the in-person interview.14 Quality
assurance tests during the optimization phase demonstrated
that all parameters were measured with test-retest reliability >
90%.14 Waist circumference was measured twice (SECA 200
measuring tape [SECA Precision for Health, Hamburg, Ger-
many]). Participants’ height was also measured twice (SECA
214 portable stadiometer). A digital scale was used to measure
the weight of each participant.

Statistical analyses

Statistical analyses were performed using SAS software,
version 9.4 (SAS Institute, Cary, North Carolina, USA). All
statistical tests were 2-sided with a significance threshold set at
P < 0.05. First, we assessed the relationship between diet
quality (ie, DASH score) or dietary intakes (ie, subscores and
daily intakes of DASH components) and the intensity of
antihypertensive drug therapy (ie, the number of classes used
simultaneously) using linear regression models (general linear
model [GLM] procedure). Models were adjusted for gender
(men, women), age (years), annual household income (<
$10,000; $10,000-$24,999; $25,000-$49,999; $50,000-
$74,999; $75,000-$99,999; $100,000-$149,999; $150,000-
$199,999; > $200,000); body mass index [BMI] kg/m2);
smoking status (never/ever/current), physical activity level
(low/moderate/high), self-reported history of high blood
cholesterol (no/yes), alcohol consumption (grams per day),
and energy intake (kcal per day). A post hoc F test was used to
compute achieved power of this analysis using GPower soft-
ware, version 3.1 (GPower ApS, Hinnerup, Denmark). In
sensitivity analyses, these analyses were first repeated by
comparing participants according to whether or not they were
using BP-lowering medication. We also repeated the main
analyses by modelling intensity of BP-lowering medication
continuously as the number of BP-lowering pills used
simultaneously and by using the TIS. The latter narrowed
down the sample to participants among whom the TIS could
be calculated (n ¼ 594).

Next, we conducted prespecified stratified analyses to assess
whether the relationship between the DASH score and in-
tensity of antihypertensive medication differed according to
gender (women vs men), age (men < 50 and women < 60
years vs men � 50 and women � 60 years), education level
(high school or less vs college or university), annual household
income (< $50,000 vs � $50,000), self-reported history of
high blood cholesterol (no vs yes), smoking status (never vs
past vs current), or Framingham risk score (low vs moderate vs
high). Evidence of differential associations was assessed using
the P value of the interaction term between medication in-
tensity (ie, number of BP-lowering classes) and the stratifi-
cation variable. The sex/gender-specific approach in the age
stratification reflects the thresholds associated with higher age-
related risk of CVD.7,29

The final set of analyses focused on control of BP. We
assessed the relationships between diet, intensity of BP-
lowering medication, and systolic and diastolic BP using
linear regression models (GLM procedure). Systolic and



Table 1. Characteristics of the 915 participants with MetS-associated high blood pressure according to the intensity of antihypertensive medication
therapy*

Characteristics

Number of antihypertensive medication classes used simultaneously

0 1 2 � 3y

Participants, n (%) 238 (26.0) 385 (42.1) 217 (23.7) 75 (8.2)
Age, years 56.7 � 7.4 57.8 � 7.4 58.5 � 7.1 59.0 � 6.9
Sex/gender, n (%)

Men 123 (51.7) 188 (48.8) 103 (47.5) 38 (50.7)
Women 115 (48.3) 197 (51.2) 114 (52.5) 37 (49.3)

Annual household income, n (%)
Less than $49,999 86 (36.1) 126 (32.7) 82 (37.8) 36 (48.0)
$50,000-$99,999 88 (37.0) 182 (47.3) 99 (45.6) 30 (40.0)
More than $100,000 64 (26.9) 77 (20.0) 36 (16.6) 9 (12.0)

Self-reported history of BP cholesterol, n (%) 85 (35.7) 150 (39.0) 101 (46.5) 25 (33.3)
Smoking status, n (%)

Never 86 (36.1) 175 (45.5) 90 (41.5) 27 (36.0)
Past 115 (48.3) 162 (42.1) 102 (47.0) 40 (53.3)
Current 37 (15.6) 48 (12.5) 25 (11.5) 8 (10.7)

Alcohol consumption, grams/day 12.2 � 18.8 11.4 � 20.0 10.9 � 14.4 11.7 � 16.9
Energy intake, kcal/day 1,966 � 701 1,957 � 721 1,865 � 694 1,892 � 663
DASH score, points 23.9 � 4.8 24.1 � 4.4 24.1 � 4.5 23.5 � 5.4
Physical activity level, n (%)

Low 40 (16.8) 65 (16.9) 47 (21.7) 16 (21.3)
Moderate 111 (46.6) 179 (46.5) 102 (47.0) 26 (34.7)
High 87 (36.6) 141 (36.6) 68 (31.3) 33 (44.0)

Waist circumference, cm 101 � 14 101 � 13 103 � 12 106 � 14
Body mass index, kg/m2 30.0 � 5.4 30.0 � 5.2 31.3 � 5.6 33.1 � 7.4
Systolic BP, mm Hg 137 � 17 132 � 14 130 � 16 130 � 16
Diastolic BP, mm Hg 82 � 11 78 � 10 77 � 10 75 � 10
Framingham risk score

Low (< 10%) 53 (22.3) 102 (26.5) 62 (28.6) 19 (25.3)
Moderate (10-19%) 97 (40.8) 158 (41.0) 82 (37.8) 37 (49.3)
High (� 20%) 88 (37.0) 125 (32.5) 73 (33.6) 19 (25.3)

BP-lowering medication class, n (%)
Alpha adrenergic receptorsz 0 (0) 5 (1.3) 3 (1.4) 5 (6.7)
Angiotensin-converting enzyme inhibitors 0 (0) 71 (18.4) 38 (17.5) 16 (21.3)
Angiotensin II receptor blockers 0 (0) 153 (39.7) 53 (24.4) 21 (28.0)
Beta-adrenergic receptor blockers 0 (0) 54 (14.0) 55 (25.4) 35 (46.7)
Calcium channel blockers 0 (0) 53 (13.8) 46 (21.2) 58 (77.3)
Diuretics 0 (0) 49 (12.7) 65 (30.0) 27 (36.0)

Number of BP-lowering pills, n (%)
1 0 (0) 385 (100) 87 (40.1) 0 (0)
2 0 (0) 0 (0) 129 (59.5) 34 (45.3)
3 or more 0 (0) 0 (0) 1 (0.5) 41 (54.7)

Therapeutic intensity scorex 0 0.48 � 0.34 0.76 � 0.50 0.80 � 0.44

BP, blood pressure; DASH, Dietary Approaches to Stop Hypertension; MetS, metabolic syndrome; SD, standard deviation.
* Continuous variables are presented as mean � SD. Categorical variables are presented as count (percent).
yThree classes, n ¼ 59; 4 classes, n ¼ 12; 5 classes, n ¼ 3; 6 classes, n ¼ 1.
zA total of 9 of 13 individuals using alpha-adrenergic receptors were women.
xData on the Therapeutic Intensity Score were available for n ¼ 594 of 915 participants (no medication: n ¼ 238; 1 class: n ¼ 204; 2 classes: n ¼ 113; � 3

classes: n ¼ 39).
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diastolic BP was included as dependent variables in separate
models. The covariable structure was the same as described
here. Models with diet quality (DASH score) as the main
exposure were adjusted for intensity of BP-lowering medica-
tion, and vice-versa. In analyses with specific components of
the DASH score as the main exposures, we mutually adjusted
for each food group. In analyses with antihypertensive medi-
cation intensity as the main exposure, Tukey-Kramer’s mul-
tiple comparison tests were used to identify between-group
statistical differences.

For all statistical models, the normality of the linear models
was assessed using the distribution of the scaled residual
values. For cases in which these were not normally distributed,
we used the Box-Cox approach (transformation regression
[TRANSREG] procedure) to identify the transformation that
allowed normalization of the model scaled residual values.
Results
Characteristics of the 915 participants with MetS-

associated high BP included in the study (women, n ¼ 463;
men, n ¼ 452) according to the intensity of antihypertensive
medication are presented in Table 1. Approximately one-
fourth of included participants were not using antihyperten-
sive medication. Most participants were using either 1 or 2
different BP-lowering drugs. Individuals using � 3 types of
antihypertensive medications tended to be older, were more
likely to have an annual household incomes of < $49,999,



Figure 1. Dietary Approaches to Stop Hypertension (DASH) score according to antihypertensive medication intensity. Data are presented as mean
(95% confidence interval), following adjustments for gender (men, women), age (years), annual household income (< $10,000; $10,000-$24,999;
$25,000-$49,999; $50,000-$74,999; $75,000-$99,999; $100,000-$149,999; $150,000-$199,999; > $200,000), body mass index (kg/m2),
smoking status (never/ever/current), physical activity level (low/moderate/high), self-reported history of high blood cholesterol (yes/no), alcohol
consumption (grams per day), and energy intake (kcal per day). The number of antihypertensive medication class was treated as a categorical
variable in this model (0; 1; 2; 3þ). P value for between-group differences associated with the number of blood pressure-lowering medication
classes ¼ 0.86. Groups with different superscript letters are statistically different (Tukey-Kramer’s multiple comparison test, P < 0.05).
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and to be past smokers. They also had a higher waist cir-
cumferences and BMIs. Angiotensin II receptor blockers were
mostly used among individuals treated with monotherapy.
Diuretics and calcium channel blockers were mostly used
among individuals using 2 or � 3 different BP-lowering
medications, respectively. The mean TIS increased along
with the number of medication classes used simultaneously.
Comparing participants according to the number of BP-
lowering pills they used yielded similar observations
(Supplemental Table S1).

We found no evidence of a difference in the DASH score
according to the intensity of BP-lowering medication, assessed
using the number of antihypertensive medication classes used
simultaneously (Fig. 1, P ¼ 0.86; Table 2, P ¼ 0.76). The
lack of evidence of a relationship between the DASH score
and medication intensity was not caused by low statistical
power, as the achieved statistical power of this model exceeded
0.99. The same observation was made when the intensity of
antihypertensive medication was assessed using the number of
BP-lowering pills (Supplemental Table S2) or the TIS
(Supplemental Table S3). We also observed no evidence of a
difference in the DASH score when we compared individuals
using antihypertensive medication with those not using
medication (Supplemental Table S4). However, evidence of
associations between the DASH score and intensity of BP-
lowering medication was found when participants were
stratified according to age (P interaction ¼ 0.002) or Fra-
mingham risk score (P interaction ¼ 0.05) (Table 3). Among
participants of younger age (ie, men < 50 years; women < 60
years), the DASH score was inversely associated with medi-
cation intensity (P ¼ 0.007), although a statistical trend
suggested that it was positively associated with the number of
antihypertensive classes used simultaneously among older
participants (P ¼ 0.09). Among participants with low Fra-
mingham risk scores, the DASH score was inversely associated
with the number of antihypertensive classes used simulta-
neously (P ¼ 0.02), whereas no evidence of association was
found among individuals at moderate (P ¼ 0.99) or high (P ¼
0.28) risk for CVD.

With regard to the dietary components of the DASH score,
we found no evidence of associations between the consump-
tion of these foods or nutrients, assessed using either DASH
subscores or daily intakes (servings), and the number of BP-
lowering medications used concomitantly (Table 2). The
only exception was related to low-fat dairy product intakes, for
which the DASH subscore was positively associated with the
number of antihypertensive classes used simultaneously (P ¼
0.04). Observations were similar when intakes of the DASH
score components were assessed in relation with the number
of BP-lowering pills (Supplemental Table S2). When we
repeated these analyses using the TIS, the relationship with
low-fat dairy intake was no longer observed, but whole
vegetable consumption was found to be inversely associated
with TIS (Supplemental Table S3). When we compared in-
takes of participants according to whether or not they used
antihypertensive medication (Supplemental Table S4), in-
dividuals using antihypertensive medication consumed more
low-fat dairy products (P ¼ 0.04) and fewer whole vegetables
(P ¼ 0.03) than those not using medication.

With regard to control of BP, a statistical trend suggested
an inverse relationship between the DASH score and diastolic
BP (P ¼ 0.10), but no evidence of a relationship was observed
with systolic BP (P ¼ 0.20; Table 4). Intakes of whole grains,
in servings per day, were inversely associated with both systolic
and diastolic BP (P ¼ 0.01 for both), whereas DASH subscore
associated with SSB intakes tended to be inversely associated



Table 2. Differences in the DASH score and related dietary
components associated with each additional BP-lowering drug class
among the 915 included participants with MetS-associated high BP*

Dietary components

b coefficient (95% CI)
associated with each

additional BP-lowering
drug class P value

DASH total score e0.05 (e0.35, 0.26) 0.76
Whole grains

DASH subscore e0.01 (e0.10, 0.09) 0.87
Servings per day e0.01 (e0.07, 0.05) 0.98

Whole vegetables
DASH subscore e0.03 (e0.11, 0.06) 0.49
Servings per day e0.01 (e0.23, 0.20) 0.54

Whole fruits
DASH subscore e0.05 (e0.14, 0.04) 0.27
Servings per day e0.02 (e0.11, 0.07) 0.30

Low-fat dairy products
DASH subscore 0.10 (0.00, 0.19) 0.04
Servings per day 0.02 (e0.07, 0.11) 0.10

Red and processed meats
DASH subscore 0.02 (e0.06, 0.10) 0.60
Servings per day 0.01 (e0.03, 0.05) 0.85

Nuts and legumes
DASH subscore e0.07 (e0.16, 0.02) 0.15
Servings per day e0.04 (e0.08, 0.01) 0.11

Sugar-sweetened beverages
DASH subscore e0.01 (e0.10, 0.09) 0.80
Servings per day 0.02 (e0.19, 0.23) 0.94

Sodium
DASH subscore e0.01 (e0.06, 0.05) 0.55
mg per day 31.2 (e10.7, 73.1) 0.33

BMI, body mass index; BP, blood pressure; CI, confidence interval;
DASH, Dietary Approaches to Stop Hypertension; MetS, metabolic
syndrome.

*Data are presented as b coefficient (95% confidence interval), in DASH
points or daily intakes, associated with each additional BP-lowering medica-
tion class (continuous variable). Models were adjusted for gender (men,
women), age (years), annual household income (< $10,000; $10,000-
$24,999; $25,000-$49,999; $50,000-$74,999; $75,000-$99,999; $100,000-
$149,999; $150,000-$199,999; > $200,000), BMI (kg/m2), smoking status
(never, ever, current), alcohol consumption (grams per day), energy intake
(kcal per day), physical activity level (low/moderate/high) and self-reported
history of high blood cholesterol (yes/no).

Table 3. Differences in the DASH score associated with each
additional BP-lowering medication class among the 915 included
participants with MetS-associated high BP, after stratification by key
characteristics*

Stratification

b coefficient (95% CI)
associated with each

additional BP-lowering
medication class P value

P value for
interaction

Gender
Women e0.24 (e0.68, 0.20) 0.29 0.24
Men 0.12 (e0.29, 0.53) 0.57

Age
Men: < 50 years
Women: < 60

years

e0.72 (e1.24, e0.19) 0.007 0.001

Men: � 50 years
Women: � 60

years

0.32 (e0.05, 0.69) 0.09

Education level
High school or

less
0.07 (e0.48, 0.63) 0.79 0.61

College or
university

e0.10 (e0.45, 0.26) 0.60

Annual household
income

< $50,000 e0.17 (e0.65, 0.30) 0.47 0.52
� $50,000 0.03 (e0.36, 0.42) 0.89

Body mass index
< 30 kg/m2 e0.13 (e0.57, 0.32) 0.58 0.55
� 30 kg/m2 0.06 (e0.35, 0.47) 0.78

Smoking status
Never e0.08 (e0.59, 0.43) 0.77 0.98
Past e0.04 (e0.45, 0.37) 0.85
Current 0.02 (e0.86, 0.89) 0.97

Self-reported
history of BP
cholesterol

No 0.09 (e0.29, 0.47) 0.63 0.23
Yes e0.28 (e0.78, 0.21) 0.26

Framingham risk
score

Low (< 10%) e0.70 (e1.31, e0.09) 0.02 0.05
Moderate (10%-

19%)
0.00 (e0.45, 0.45) 0.99

High (� 20%) 0.30 (e0.24, 0.84) 0.28

BMI, body mass index; BP, blood pressure; CI, confidence interval; DASH,
Dietary Approaches to Stop Hypertension; MetS, metabolic syndrome.

*Data are presented as b coefficient (95% confidence interval), in DASH
points, associated with each additional BP-lowering medication class
(continuous variable). Models were adjusted for sex/gender (men, women),
age (years), annual household income (< $10,000; $10,000-$24,999;
$25,000-$49,999; $50,000-$74,999; $75,000-$99,999; $100,000-
$149,999; $150,000-$199,999; > $200,000), BMI (kg/m2), smoking status
(never/ever/current), alcohol consumption (grams per day), energy intake
(kcal per day), physical activity level (low/moderate/high), and self-reported
history of high blood cholesterol (yes/no).
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with both systolic and diastolic BP (P ¼ 0.06 for both).
Participants using antihypertensive medication had signifi-
cantly lower systolic and diastolic BP compared with in-
dividuals not using medication (P < 0.05, for all), but only
differences in diastolic BP, not in systolic BP, were found
among individuals using 1, 2, or � 3 BP-lowering medica-
tions simultaneously (Fig. 2). Finally, the TIS was inversely
associated with both systolic and diastolic BP (b systolic BP ¼
e5.13, 95% confidence interval [CI], e8.00, e2.26 mm Hg;
b diastolic BP ¼ e3.27, 95% CI, e5.21, e1.33 mm Hg).
Discussion
In this cross-sectional study nested in the CARTaGENE

Qu�ebec population-based cohort, we observed no evidence of
complementarity between diet quality and intensity of
medication in the management of MetS-associated high BP.
In fact, among younger adults (ie, men aged < 50 years and
women < 60 years), as well as among individuals at lower risk
of CVD per the Framingham risk score, medication was likely
used as a substitute for a healthy diet, given the inverse
association between diet quality and intensity of medication.
The only subgroup among whom diet and medication were
apparently used as complements (diet quality tended to be
positively associated with medication intensity) was composed
of men aged > 50 years and women aged > 60 years, who are
both at higher risk of CVDs because of their age. As such, our
study highlights the need for improved complementarity be-
tween diet quality and pharmacologic management of high BP
in MetS in Qu�ebec.



Table 4. Relationships among the DASH score, the DASH score components, and systolic and diastolic BP among the 915 participants with MetS-
associated high BP included in the study*

Dietary components Systolic BP (mm Hg) P value Diastolic BP (mm Hg) P value

Total DASH score e0.14 (e0.36, 0.09) 0.20 e0.12 (e0.27, 0.03) 0.10
Whole grains

DASH subscore e0.28 (e1.04, 0.49) 0.39 e0.36 (e0.87, 0.16) 0.15
Servings per day e1.44 (e2.59, e0.30) 0.01 e0.95 (e1.71, e0.19) 0.01

Whole vegetables
DASH subscore 1.12 (0.25, 1.99) 0.01 0.32 (e0.26, 0.91) 0.31
Servings per day 0.24 (e0.12, 0.59) 0.21 0.11 (e0.13, 0.35) 0.37

Whole fruits
DASH subscore 0.19 (e0.62, 1.00) 0.63 0.08 (e0.46, 0.63) 0.69
Servings per day e0.28 (e1.14, 0.59) 0.61 e0.52 (e1.10, 0.06) 0.09

Low-fat dairy
DASH subscore e0.02 (e0.75, 0.71) 0.98 0.00 (e0.49, 0.49) 0.99
Servings per day 0.48 (e0.27, 1.24) 0.19 0.26 (e0.24, 0.77) 0.30

Red and processed meat
DASH subscore e0.41 (e1.31, 0.48) 0.36 e0.35 (e0.96, 0.25) 0.27
Servings per day e0.06 (e1.94, 1.82) 0.92 0.36 (e0.89, 1.62) 0.60

Nuts and legumes
DASH subscore e0.80 (e1.57, e0.03) 0.03 e0.14 (e0.66, 0.38) 0.52
Servings per day 0.55 (e1.00, 2.11) 0.67 0.84 (e0.20, 1.88) 0.16

Sugar-sweetened beverages
DASH subscore e0.73 (e1.48, 0.02) 0.06 e0.50 (e1.01, 0.00) 0.06
Servings per day 0.14 (e0.23, 0.50) 0.49 e0.12 (e0.36, 0.12) 0.34

Sodium
DASH subscore e0.43 (e1.86, 0.99) 0.52 e0.01 (e0.97, 0.95) 0.94
Per 1000 mg/day 1.27 (e0.67, 3.21) 0.18 e0.80 (e2.10, 0.50) 0.20

BMI, body mass index; BP, blood pressure; DASH, Dietary Approaches to Stop Hypertension; MetS, metabolic syndrome.
*Data are presented as b coefficient (95% confidence interval), in mm Hg, associated with each additional DASH score point or daily intake (continuous

variables). Models were adjusted for sex (male, female), age (years), annual household income (< $10,000; $10,000-$24,999; $25,000-$49,999; $50,000-$74,999;
$75,000-$99,999; $100,000-$149,999; $150,000-$199,999; > $200,000), BMI (kg/m2), smoking status (never/ever/current), alcohol consumption (grams per
day), energy intake (kcal per day), physical activity level (low/moderate/high), self-reported history of high blood cholesterol (yes/no), and BP-lowering medication
classes (n).
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Since the early 2000s in the Province of Qu�ebec and in
Canada, the prevalence of high BP and CVDs among adults
has increased by > 30%, although rates of adequate control
of hypertension have declined.11,30 Still, approximately 80%
of adults with high BP are treated according to national and
provincial surveys.11,30 Our study sample reflects these sta-
tistics, as 75% of included participants were using at least 1
BP-lowering medication, and mean systolic and diastolic BP
of individuals using medication were in the normal range. As
such, although we observed no evidence of complementarity
between quality of diet and intensity of medication in the
management of MetS-associated high BP, our results suggest
that antihypertensive medication use can effectively
compensate for suboptimal dietary habits with regard to
control of BP. Still, such approach raises concerns. Indeed,
the use of antihypertensive medication solely addresses the
clinical manifestations of MetS-associated high BP. In
addition, overall diet quality at the sample level was subop-
timal. Maintaining such dietary habits increases risk of CVD
through long-term deterioration of cardiometabolic health,
whereas it is well documented that increasing diet quality has
beneficial effects on systemic metabolism and CVD risk31-33

regardless of the presence of concomitant weight loss.34,35

Second, the potential compensation of the negative effects
of low diet quality on BP with medication is likely to fuel the
cycle in which higher intensity of medication increases the
risk of medication overuse and nonadherence, both through
potential adverse effects as well as polypharmacy burden.36

Further analyses assessingdon the one handdthe
relationship between diet quality and adherence to antihy-
pertensive medication, anddon the other handdthe joint
influence of diet quality and intensity of antihypertensive
medication on incidence of CVD are needed to understand
comprehensively the long-term consequences of the diver-
gence between diet quality and use of medication in MetS-
associated high BP.

The differential associations between adherence to the
DASH diet and antihypertensive medication intensity we
observed related to the participants’ age as well as to their 10-
year risk of CVD (ie, Framingham risk score) is concordant
with previously reported health literacy-related consider-
ations in prevention of CVD.37-39 Overall, our results sug-
gest that individuals who may perceive their CVD risk as
being lower because of their age or their overall car-
diometabolic profile are more inclined to use medication as
their primary resort to manage high BP, without concomi-
tant consideration of diet quality.40 Previous studies reported
that some individuals found easier to take medication instead
of changing their dietary habits37 and that preventive
medication is often perceived as more effective in reducing
risk of CVD than changes in lifestyle habits.38-40 In addition,
we cannot exclude that health professionals may also have a
biased perception of the long-term risk of CVD of these
individuals or limited knowledge on the effects of diet on BP,
which could favour a greater emphasis on medication rather
than diet.41,42 However, information on whether partici-
pants received counselling with regard to control of BP when
they were diagnosed, and, if so, what type of counselling they



Figure 2. Systolic (A) and diastolic (B) blood pressure according to antihypertensive medication intensity. Data are presented as mean (95%
confidence interval). Models were adjusted for sex (male, female), age (years), annual household income (< $10,000; $10,000-$24,999;
$25,000-$49,999; $50,000-$74,999; $75,000-$99,999; $100,000-$149,999; $150,000-$199,999; > $200,000), body mass index (kg/m2),
smoking status (never/ever/current), alcohol consumption (grams per day), energy intake (kcal per day), physical activity level (low/moderate/
high), self-reported history of high blood cholesterol (no/yes), and DASH score. The number of antihypertensive medication classes was treated as a
categorical variable in this model (0; 1; 2; 3þ). Groups with different superscript letters are statistically different (Tukey-Kramer’s multiple com-
parison test, P < 0.05). DASH, Dietary Approaches to Stop Hypertension.
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received was not available. Thus, whether the inverse asso-
ciations we observed between diet quality and intensity of
medication among younger individuals and among those at
lower risk of CVD reflect that medication use acts as a barrier
to healthy eating or that medication was used to compensate
to individual, social, or systemic barriers to healthy eating
could not be assessed in our study but remain plausible
hypotheses underlying these observations. In any case, these
findings highlight the need for improved access to primary
care and health professionals in Qu�ebec, as well as for
improved multidisciplinary frameworks to optimize preven-
tion of CVD among at-risk individuals.
Limitations and strengths

This study needs to be interpreted in the context of limi-
tations and strengths. The main limitation of this work is
related to the 2- to 3-year gap between BP and medication
assessment (2009-2010) and the completion of the FFQ
(2012). We cannot exclude that medication or diet changed
during this period. However, given the direction of the as-
sociations between the DASH score and DASH sub-
components (ie, whole grains, SSB) with systolic and diastolic
BP, it remains unlikely that diet significantly changed between
the medication history and the FFQ completion. Second, the
cross-sectional design of the study limited our ability to take
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into account temporal dynamics between diet and initiation of
medication. Third, diet was assessed using a FFQ, which
inevitably includes measurement errors because of its
memory-based nature, even though it has been validated.43

Finally, even though BP was measured 3 times during a sin-
gle visit, BP data remain exposed to random variations caused
by the white-coat effect.

With regard to strengths, the sample size provided suffi-
cient power to our main analyses. Also, our main finding on
the lack of complementarity between diet quality and in-
tensity of medication relies on analyses leveraging 3 different
methods to grade BP-lowering medication. Finally, the pre-
vious demonstrations of the high agreement between self-
reported medication and disease-related information pro-
vides high validity to our findings.16,24
Conclusions
In this cohort of adults with MetS-associated high BP,

there was an overall lack of complementarity between quality
of diet and intensity of antihypertensive medication, especially
among younger individuals and those with lower risk for
CVD, for whom diet quality was inversely associated with
intensity of medication. Our study highlights the need for
improved interdisciplinary care to optimize nutritional and
pharmacologic management of MetS-associated high BP in
the Province of Qu�ebec.
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