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Abstract

Background: Cardiovascular disease accounts for about one-third of all premature deaths (ie, age < 70) in Cuba.
Yet, the relevance of major risk factors, including systolic blood pressure (SBP), diabetes, and body-mass index (BMI),
to cardiovascular mortality in this population remains unclear.

Methods: In 1996-2002, 146,556 adults were recruited from the general population in five areas of Cuba.
Participants were interviewed, measured (height, weight and blood pressure) and followed up by electronic
linkage to national death registries until Jan 1, 2017; in 2006-08, 24,345 participants were resurveyed. After
excluding all with missing data, cardiovascular disease at recruitment, and those who died in the first 5 years,
Cox regression (adjusted for age, sex, education, smoking, alcohol and, where appropriate, BMI) was used to
relate cardiovascular mortality rate ratios (RRs) at ages 35-79 years to SBP, diabetes and BMI; RR were
corrected for regression dilution to give associations with long-term average (ie, ‘usual’) levels of SBP and BMI.
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deaths, respectively.

premature mortality in Cuba.

Results: After exclusions, there were 125,939 participants (mean age 53 [SD12]; 55% women). Mean SBP was 124 mmHg
(SD15), 5% had diabetes, and mean BMI was 24.2 kg/m? (SD3.6); mean SBP and diabetes prevalence at recruitment were
both strongly related to BMI. During follow-up, there were 4112 cardiovascular deaths (2032 ischaemic heart disease, 832
stroke, and 1248 other). Cardiovascular mortality was positively associated with SBP (>=120 mmHg), diabetes, and BMI (>=
225 kg/m?): 20 mmHg higher usual SBP about doubled cardiovascular mortality (RR 2,02, 95%Cl 1.88-2.18)), as did diabetes
(215, 1.95-2.37), and 10 l<g/m2 higher usual BMI (1.92, 1.64-2.25). RR were similar in men and in women. The association with
BMI and cardiovascular mortality was almost completely attenuated following adjustment for the mediating effect of SBP.
Flevated SBP (>=120 mmHg), diabetes and raised BMI (>=22.5 kg/m?) accounted for 27%, 14%, and 16% of cardiovascular

Conclusions: This large prospective study provides direct evidence for the effects of these major risk factors on
cardiovascular mortality in Cuba. Despite comparatively low levels of these risk factors by international standards,
the strength of their association with cardiovascular death means they nevertheless exert a substantial impact on
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Background

In 2013, the WHO World Health Assembly adopted the
global goal of a 25% relative reduction in premature
mortality (before age 70 years) from non-communicable
diseases (NCDs) through nine voluntary targets by 2025
[1]. Cardiovascular disease (including heart disease,
stroke and peripheral vascular disease) accounts for
about half of all premature NCD deaths globally [2], and
several of the WHO voluntary targets were aimed specif-
ically at cardiovascular mortality, including those to re-
duce the prevalence of raised blood pressure, and to halt
the rising prevalence of diabetes and obesity.

However, the expected benefit on cardiovascular mortality
from addressing these risk factors in different populations is
based mainly on prospective studies in high-income coun-
tries [3-7]. There is a paucity of large prospective studies
conducted in other parts of the world. For example, a meta-
analysis of 239 prospective studies from the Global BMI
Mortality Collaboration does not include any studies from
Latin America [5]. Furthermore, recent findings from one of
the few large studies in this region, the Mexico City Pro-
spective Study, indicates that the effect of some of these risk
factors may be very different from that in high-income coun-
tries. In particular, that study found that those with diabetes
had about four times the death rate from cardiovascular dis-
ease compared with people without diabetes [8]; in high-
income countries, diabetes about doubles the cardiovascular
death rate [6].

Cuba is a middle-income country, with a population of
11.3 million in 2020 [9]. The health system is focused
particularly on primary care and disease prevention,
which has delivered substantial reductions in infant mor-
tality over the last few decades but death rates in middle
age remain high [10]. Cardiovascular disease accounts
for one-third of all premature deaths in Cuba [11], yet
substantial uncertainty remains about the relevance of

major metabolic risk factors to cardiovascular mortality
in this population. We report the associations of blood
pressure, diabetes and body-mass index (BMI) with car-
diovascular mortality in a large, population-based pro-
spective study of 146,556 adults in Cuba.

Methods

Study design and participants

In 1996-2002, 146,556 adults aged >30 years were re-
cruited from the general population in Cuba into a pro-
spective cohort study. Details of the study design and
survey methods have been reported previously [11].
Briefly, the study recruited men and women from five of
Cuba’s fourteen provinces. Within each province, med-
ical offices were selected at random using a computer-
generated random allocation sequence. Each medical of-
fice subsequently invited all of its patients aged 30 years
and older to participate in the study. Overall, 74% of eli-
gible individuals participated.

Trained health-care staff (mostly the family doctor,
but on occasion local nurses or other trained health care
workers) visited each household. After providing written
consent, participants provided information on age, sex,
ethnicity, education, occupation, marital status, lifestyle
factors, current medications, and medical history (the
original questionnaire in Spanish, developed solely for
this study, and the English translation are available in
Additional file 1: p2-3). Blood pressure was measured
twice while the participant was seated (once towards the
beginning of the interview and once towards the end),
using a calibrated manual sphygmomanometer and
standard techniques. Following the home visit, partici-
pants were invited to attend their physician’s medical of-
fice for height and weight measurements. Between 2006
and 2008, baseline measures were repeated using the
same procedures in a formal resurvey of 24,345
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participants (17% of the initial study population; all resi-
dents of Matanzas province) to assess temporal variation
in estimated levels of risk factors at baseline, particularly
blood pressure and BMI.

Participants were followed up until 1st January 2017
through electronic record linkage to the Cuban Public
Health Ministry’s mortality records using national iden-
tification numbers. Mortality records are collected for all
deaths in Cuba, and include medically certified causes of
death. In 1996-2000, all deaths in Cuba were coded
using the 9th edition of the International Classification
of Disease (ICD-9), while all deaths from 2001 onwards
were coded using ICD-10 (Additional file 1: Table S1).

Statistical analyses

The presence of diabetes was defined as a (self-reported)
previous medical diagnosis of diabetes, the use of antidi-
abetic medication (oral hypoglycemic medication or in-
sulin), or both. The mean of the two systolic blood
pressure (SBP), or the two diastolic blood pressure
(DBP), measurements was used in all blood pressure
analyses, and body-mass index (BMI) was calculated as
weight in kg divided by the square of height in m.

Participants with missing SBP, DBP, diabetes status,
BMI or other key covariates, were excluded from the
main analyses, as were those with implausible or outly-
ing values for SBP (<80 or >250 mmHg), DBP (<40 or >
150mmHg), or BMI (<15 or >40 kg/m?), those with prior
cardiovascular disease at baseline (myocardial infarction,
angina, or stroke), and those with no follow-up at ages
35-79 years. To further limit any effect of pre-existing
disease on blood pressure or BMI at baseline, the first
5 years of follow-up were also excluded.

Cox regression was used to relate mortality rate ratios
(RR) at ages 35-79 years to SBP (using the mean of the
two SBP measurements), diabetes and BMI, with adjust-
ment for age at risk (5-year groups), sex, highest com-
pleted level of formal education (less than primary,
primary, lower secondary, high school [or technical train-
ing], university), smoking (never, ex-smoker, current
smoker of <20 cigarettes/day, current smoker of 20 ciga-
rettes/day, current smoker of >20 cigarettes/day, other
smoker), alcohol (non- drinker, less than weekly drinker,
at least weekly drink of <1 bottle/week of 35cl rum [or
equivalent alcohol] per week, at least weekly drinker of 1-
<3 bottles/week, and at least weekly drinker of 3 plus
bottles/week), and, where appropriate, BMI (15- <20, 20-
<225, 22.5- <25, 25- <27.5, 27.5- <30, 30- <40 kg/m?); ana-
lyses of DBP are given in Additional file 1. RRs were cor-
rected for regression dilution (ie, categorising people by
their baseline SBP or BMI and estimating the long-term
average mean SBP or BMI in each category using the cor-
relation between re-survey and baseline measurements
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[12]), and are therefore described as associations of usual
SBP and usual BMI with mortality [3, 4].

In categorical analyses, SBP was categorized as <125,
125- <145, 145- <165, 2165 mmHg, and BMI was catego-
rized as 15- <20, 20- <22.5, 22.5- <25, 25- <27.5, 27.5-<
30, 30- <35, 35- <40kg/m”. Confidence intervals (Cls)
were calculated using the variance of the log risk, which
appropriately attributes variance to all groups, including
the reference, and so allows CIs to be used to compare
risks in any two groups [13]. Linear associations are re-
ported per 20 mmHg higher usual SBP and per 10 kg/m>
higher usual BML

Sensitivity analyses of the main prospective associa-
tions were conducted by further adjusting the associa-
tions for other potential confounders, and by excluding
participants with non-vascular chronic diseases at base-
line (including chronic obstructive pulmonary disease,
liver cirrhosis, chronic kidney disease, peptic ulcer, and
cancer) and those taking blood pressure-lowering medi-
cation. The analyses of BMI are also reported with and
without further adjustment for usual SBP and diabetes
(including the effect of such adjustments on the Wald
chi-squared statistic), to assess the extent to which these
factors mediate the association.

The fraction of cardiovascular deaths in Cuba attrib-
uted to SBP, diabetes and BMI were estimated by age
group and sex, using the formula P, (RR - 1)/(P. [RR-
1] + 1) where P, is the prevalence of the given risk factor
in Cuba as estimated by the 2010 Cuban National Non-
communicable Disease Risk Factor Survey [14], and RR
is the rate ratio in the present study [15]. These fractions
were multiplied by the number of vascular deaths in
each age group and sex in Cuba in 2015 [16] to give the
overall number of deaths attributable to each of these
risk factors at ages 35-79 years. All analyses were con-
ducted in SAS (version 9.4), and results were plotted in
R (version 3.6.2).

Results
Of 146,556 adults recruited into the study, 4941 were
excluded because of missing or extreme values, 10,053
were excluded because they had prior cardiovascular dis-
ease and 7687 with no follow-up at ages 35 to 79 years,
leaving 125,939 participants (exclusion categories were
not mutually exclusive, see Additional file 1: Table S2).
After exclusions, the mean age of participants was 53
years (SD 12), 55% were female, and 33% had received
no formal education (Table 1). Mean SBP was 124
mmHg (SD 15), mean BMI was 24.2 kg/m? (SD 3.6), and
5% of participants had prior diabetes. There was little
difference in mean SBP and mean BMI by sex, but dia-
betes prevalence was about twice as high in women than
in men (7% vs 4%; Additional file 1: Table S3).
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Table 1 Baseline characteristics, by systolic blood pressure (SBP), diabetes and BMI at baseline. Data are % or mean (SD). Results are
standardised to the age and sex of the 125 939 participants. Participants with no follow-up at ages 35-79 years, those with pre-
existing vascular disease at baseline, and those with missing or outlying values for SBP, diabetes, BMI or key covariates were
excluded. Baseline characteristics by four groups of BMI are given for clarity, but are given by 7 groups in Appendix, Table 54

Baseline SBP, mmHg Diabetes Baseline BMI, kg/m2 Overall
80-<125 125-<145 145-<165  165-<250 No Yes 15-<20 20-<25 25-<30 30-<40
Number of participants 74711 41156 7944 2128 119 355 6584 11 846 70 496 35498 8099 125939
Female 57% 52% 59% 60% 54% 69% 61% 52% 56% 69% 55%
Age, years 50 (12) 55 (12) 58 (12) 60 (11) 52 (12) 59 (12) 53 (13) 52 (12) 53 (12) 54 (12) 53 (12)
SBP, mmHg 115 (8) 133 (5) 153 (5) 178 (12) 124 (15) 129 (17) 121 (15) 123 (14) 126 (16) 130 (18) 124 (15)
BMI, kg/m? 23.7 (3.4) 247(36) 255(4.0) 257 (4.2) 24.1(35) 24.9(4.1) 186 (12) 22.8(1.4)  269(1.3) 32.6(23) 24.2 (3.6)
Height, cm 164 (9) 164 (9) 164 (10) 165 (10) 164 (9) 164 (9) 166 (9) 164 (9) 163 (9) 159 (11) 164 (9)
Diabetes 4% 7% 8% 9% 0% 100% 4% 5% 6% 9% 5%

No formal education beyond primary school
Current smoker (in men)

Current smoker (in women)

Alcohol intake at least weekly

Taking anti-hypertensives

32%
46%
28%
15%

7%

33%
45%
26%
18%
25%

34%
45%
28%
20%
46%

35%
45%
30%
21%
49%

33%
46%
27%
16%
15%

31%
35%
23%
14%
30%

36%
55%
37%
16%
1%

32%
48%
28%
16%
14%

31%
41%
23%
15%
20%

34%
34%
22%
14%
27%

33%
46%
27%
16%
16%

At baseline, SBP was positively correlated with mean
BMI, diabetes and at least weekly drinking, but was not
strongly related to smoking (Table 1). On average, those
with diabetes were more likely to be female, older and with
higher SBP and BMI, but with lower prevalence of weekly
drinking and smoking. BMI was inversely related to smok-
ing and drinking (Additional file 1: Table S4), and there
was an approximately linear association of BMI with SBP

(~ 1 mmHg per kg/m?) and with diabetes prevalence in the
range > 20 kg/m> BMI (~ 1% per kg/m* Table 1, Fig. 1).

At resurvey, mean SBP at ages 40-79 years (age-stan-
dardised to match the baseline distribution) was 2
mmHg lower than at baseline, diabetes prevalence was
3% higher, and mean BMI was 0.5 kg/m? higher (Add-
itional file 1: Table S5). The self-correlations between
baseline and resurvey measurements (used to correct for
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Fig. 1 Baseline associations of mean systolic blood pressure (SBP) and diabetes prevalence vs BMI. Results are standardised to the age and sex of
the 125,939 participants; exclusions as in Table 1. For each category, area of the square is inversely proportional to the variance of the mean SBP,
or the prevalence of diabetes, which also determines the confidence interval (Cl)
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regression dilution bias) were 0.48 for SBP and 0.59 for
BMI (Additional file 1: Figure S1, Table S6).

After excluding the first 5 years of follow-up, there
were 9987 deaths from all causes at ages 35-79 during
2.1 million person-years of follow-up (mean 17.6 [SD
3.0]): 4112 deaths were cardiovascular (2134 in men and
1978 in women), with 2032 deaths from ischaemic heart
disease, 832 stroke, and 1248 other vascular.

Usual SBP was strongly positively associated with car-
diovascular mortality (Fig. 2) throughout the usual SBP
range examined, with no evidence of a threshold down
to at least 120 mmHg. Overall, each 20 mmHg higher
usual SBP approximately doubled cardiovascular mortal-
ity (RR 2.02 [95% CI 1.88-2.18]; mean age at death 69:
Fig. 3). The strength of the association was somewhat
greater at younger than older ages, but there was no evi-
dence that the strength of the association varied by sex
or by smoking habits, or differed between major sub-
types of cardiovascular mortality (ischaemic heart dis-
ease, stroke or other vascular) (Fig. 3). The association
of cardiovascular mortality with usual DBP was also log-
linear throughout the range examined (RR per 10 mmHg
higher DBP of 1.75 [95% CI 1.63-1.87]; Additional file 1:
Figure S2).
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Previously diagnosed diabetes at baseline was associ-
ated with about twice the risk of cardiovascular mortality
compared to those without diagnosed diabetes (RR 2.15
[95% CI 1.95-2.37]; Fig. 3). The strength of the associ-
ation was slightly weaker at age 70-79years than at
younger ages (heterogeneity: x;” = 6.9; p = 0.009), but, as
with usual SBP, the associations did not materially differ
by sex, smoking or between major subtypes of cardiovas-
cular death (Fig. 3; Additional file 1: Figure S3).

In analyses of cardiovascular mortality with usual BMI,
mortality was lowest at about 22.5 kg/m? (Fig. 2). There
was a strong positive association above this level, and a
slight inverse association below it. Above 22.5kg/m?
each 10 kg/m? higher usual BMI approximately doubled
the risk of cardiovascular mortality (RR 1.92 [95% CI
1.64—2.25]). There was no evidence that the strength of
this association varied by age, sex or smoking, but the
association was somewhat shallower for stroke than for
ischaemic heart disease or other vascular death (Fig. 3;
Additional file 1: Figure S4).

Figure 4 shows the association of usual BMI and car-
diovascular mortality with further adjustment for dia-
betes and systolic blood pressure, both potential
mediators of the association. The association was little
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Fig. 2 Vascular mortality vs usual systolic blood pressure (SBP) and usual BMI at ages 35-79 years in Cuba. Rate ratios (RR) adjusted for age, sex,
education, province, smoking, alcohol, and BMI (when appropriate). Analyses omitted the first 5 years of follow up. Exclusions as in Table 1. For
each SBP or BMI category, area of the square is inversely proportional to the variance of the category—specific log risk, which also determines the
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Mean age Deaths RR (Cl) per 20 mmHg RR (ClI) for diabetes RR (CI) per 10 kg/m?
at death higher usual SBP vs no diabetes higher usual BMI*
. (years)
Age-at-risk
(years)
35-59 55 605 i ™ 337(275-4.13) =  2.46(1.75-3.46) —— 1.74 (1.12 - 2.70)
60-69 66 1267 = 2.30 (2.01 - 2.63) & 267 (2.23-3.20) - 2.07 (1.56 - 2.76)
70-79 75 2240 | 1.71 (1.55 - 1.89) = 1.92 (1.69 - 2.17) - 1.87 (1.52 - 2.32)
Trend test: x2,=38.1 (p<0.001) Trend test: 42,=6.9 (p=0.009) Trend test: %,=0.0 (p=1)
Sex
Men 69 2134 = 2.05 (1.84 - 2.29) L 2.07 (1.75 - 2.44) - 2.00 (1.57 - 2.54)
Women 70 1978 | 1.99 (1.80 - 2.21) = 2.19 (1.93 - 2.48) - 1.83 (1.48 - 2.26)
Heterogeneity test: ¥2,=0.1 (p=0.7) Heterogeneity test: 42,=0.3 (p=0.6) Heterogeneity test: 72,=0.3 (p=0.6)
Smoking
Never 70 1903 = 1.96 (1.76 - 2.19) = 2.28 (2.01 - 2.59) - 2.00 (1.61 - 2.49)
Ever 68 2209 = 2.08 (1.87 - 2.30) = 1.98 (1.69 - 2.31) - 1.81 (1.44 - 2.28)
: Heterogeneity test: 42,=0.5 (p=0.5) Heterogeneity test: y2,=1.9 (p=0.2) Heterogeneity test: ¥2,=0.4 (p=0.5)
Subtype
IHD 69 2032 | 2.09 (1.88 - 2.32) ] 2.32 (2.02 - 2.66) - 1.92 (1,54 - 2.41)
Stroke 69 832 L 1.93 (1.63 - 2.28) - 1.81 (1.44 - 2.29) T 1.23(0.85-1.78)
Other vascular 70 1248 = 1.98 (1.73 - 2.26) - 212 (1.77 - 2.54) = 253(1.91-335)
Overall 69 4112 0 2.02 (1.88 - 2.18) O 2.15(1.95 - 2.37) O 1.92 (1.64 - 2.25)
i — —
1.2 4 8 1 2 4 8 1 2 4 8
RR (95% CI) RR (95% CI) RR (95% CI)
IHD=Ischaemic heart disease. Ratio ratios (RR) adjusted for age, sex, education, province, smoking, alcohol, and BMI (when appropriate). Analyses omitted the first 5 years
of follow up. Exclusions as in Table 1. For each category, area of the square is inversely proportional to the variance of the category-specific log risk, which also determines
the confidence interval (Cl).*Excludes lowest category of BMI.
Fig. 3 Death rate ratios (RR) for vascular mortality vs usual systolic blood pressure (SBP), diabetes and usual BMI at ages 35-79 years in Cuba.
IHD=Ischaemic heart disease. Rate ratios (RR) adjusted for age, sex, education, province, smoking, alcohol, and BMI (when appropriate). Analyses
omitted the first 5 years of follow up. Exclusions as in Table 1. For each category, area of the square is inversely proportional to the variance of
the category—specific log risk, which also determines the confidence interval (Cl).*Excludes lowest category of BMI

changed following further adjustment for diabetes (the
Wald chi-squared statistic for the model was reduced by
24% from 65 to 49). However, further adjustment for
usual SBP almost completely attenuated the association:
each 10 kg/m” higher usual BMI in the range > 22.5 kg/
m? (following adjustment for usual SBP) was associated
with RR of 1.16 (95% CI 0.98—1.37; Wald X = 3.0).

In sensitivity analyses (Additional file 1: Figure S5-
S10), further adjustment for other potential confounders
did not materially change the associations; neither did
exclusion of those with non-vascular chronic diseases at
baseline (including chronic obstructive pulmonary dis-
ease, liver cirrhosis, chronic kidney disease, peptic ulcer,
and cancer) or exclusion of those taking blood pressure-
lowering medication. In additional analyses (Additional
file 1: Figure S11) of the association of SBP, diabetes and
BMI with cardiovascular deaths other than ischaemic
heart disease or stroke, there were few deaths from any
specific vascular diseases (such as hypertensive heart dis-
ease, heart failure, atherosclerosis, or aortic aneurysm),
and little evidence of heterogeneity in the strength of
these associations.

The excess cardiovascular mortality associated with el-
evated systolic blood pressure (ie, >=120 mmHg),

diabetes and BMI (>=22.5 kg/mz) accounted for 27%,
14% and 16% of cardiovascular deaths in the age group
35-79years (Table 2). These population-attributable
fractions would be equivalent to around 5000 excess
deaths due to elevated systolic blood pressure, 2600 ex-
cess deaths due to diabetes, and 3000 excess deaths due
to raised BMI among people aged 35-79 years in Cuba
in 2015.

Discussion

In this large prospective study in Cuba, cardiovascular
mortality was strongly positively associated with SBP,
diabetes, and BMI. Overall, each 20 mmHg higher usual
SBP approximately doubled cardiovascular mortality, as
did prior diabetes, and 10 kg/m> higher usual BMI (at
>22.5kg/m?). The strength of the associations were
broadly similar in men and women, and across each of
the major cardiovascular subtypes. The association of
cardiovascular mortality with usual BMI was little chan-
ged following adjustment for diabetes (perhaps reflecting
the low prevalence of diabetes in this population at base-
line) but was almost completely attenuated following ad-
justment for SBP. About one-quarter of cardiovascular
mortality was accounted for by elevated SBP, while
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Fig. 4 Vascular mortality vs usual BMI at ages 35-79 years in Cuba, with further adjustment for diabetes and usual systolic blood pressure (SBP). Rate
ratios (RR) adjusted for age, sex, education, province, smoking, and alcohol, with further adjustment for diabetes and usual SBP when indicated.
Analyses omitted the first 5 years of follow up. Exclusions as in Table 1. For each BMI category, area of the square is inversely proportional to the
variance of the category—specific log risk, which also determines the confidence interval (Cl). *Excludes lowest category of BMI
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diabetes and raised BMI each accounted for about 15%
of cardiovascular mortality.

Few prospective studies have reported on the effect of
these major risk factors on cardiovascular mortality in
Latin America. In contrast to the present report, the
Mexico City Prospective Study of 150,000 middle-aged
adults found previously diagnosed diabetes at baseline
was associated with about four times the death rate from
cardiovascular disease compared with adults without
diabetes [8]. The excess cardiovascular mortality associ-
ated with diabetes in the present report is more consist-
ent with findings from prospective studies in high-
income countries, where diabetes approximately doubles
cardiovascular death rates [6]. However, unlike many
studies in high-income countries, there was no evidence
that the strength of the association with diabetes differed
by sex (most studies have reported greater risks among
women than men) [6, 17].

The association of cardiovascular mortality with SBP is
also consistent with prospective studies in high-income
countries. A meta-analysis of 61 prospective studies
(conducted mostly in Europe or North America) found,
at ages 40—69 years, 20 mmHg higher SBP approximately
doubled cardiovascular mortality, with weaker associa-
tions at older ages [3]. As in the present report, there

were log-linear associations with no evidence of a
threshold down to low levels of blood pressure (at least
115 mmHg SBP and 75 mmHg DBP). However, in con-
trast to the findings in the present study, the propor-
tional risks were stronger among men than women,
particularly at younger ages.

Recent evidence suggests substantial variation in the
relation between BMI and cardiovascular mortality in
different parts of the world. In a meta-analysis of 239
prospective studies from the Global BMI Mortality
Collaboration, both all-cause and cardiovascular mor-
tality were lowest in the BMI range 20-<25 kg/m? [5].
In the BMI range >=25kg/m? 5kg/m* higher BMI
was associated with about 40% higher risk of cardio-
vascular mortality in North America (RR 1.38 [95%
CI 1.32-1.44]), which is consistent with the present
study (RR per 5kg/m® higher BMI of 1.39 [1.28-
1.50]), but the strength of the associations was some-
what greater in studies from East Asia (RR 1.67
[1.50-1.85]), and there was little association in South
Asian studies (although they included too few partici-
pants for statistical stability) [5]; the findings in South
Asia were supported later by a prospective study of
0.5 million adults in South India [18].
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Table 2 Vascular deaths attributable to systolic blood pressure (SBP), diabetes and BMI in Cuba, 2015. Vascular deaths (rounded to
the nearest multiple of 10) attributed to each risk factor were calculated by applying population attributable fractions in the Cuba
Prospective Study to the age- and sex-specific numberof vascular deaths in Cuba for 2015. *PAF=Population attributable fraction

Age at risk, Total vascular Vascular deaths attributable to risk factor (PAF*, %)
years deaths in Cuba,
2015 SBP (>=120 mmHg) Diabetes BMI (>=22.5 kg/n")
Men
35-69 5920 1630 (27) 900 (15) 870 (15)
70-79 5170 1360 (26) 660 (13) 530 (10)
Al 11 090 2990 (27) 1560 (14) 1400 (13)
Women
35-69 3480 960 (28) 520 (15) 800 (23)
70-79 4140 1090 (26) 520 (13) 830 (20)
Al 7620 2050 (27) 1040 (14) 1630 (21)
Both sexes
35-69 9400 2590 (28) 1420 (15) 1670 (18)
70-79 9310 2450 (26) 1180 (13) 1360 (15)
Al 18 710 5040 (27) 2600 (14) 3030 (16)

This study has a number of key strengths. It is one of
the largest studies to assess the effects of metabolic fac-
tors on cardiovascular mortality in Latin America. The
study conducted a large resurvey to allow correction for
regression dilution and reliable estimates of long-term
average levels of SBP and BMI. The baseline survey col-
lected information on prior disease to allow exclusion of
those with prevalent cardiovascular disease, and on a
range of factors to allow adjustment for major potential
confounders. Furthermore, linkage to national mortality
registers limited loss to follow-up and allowed reliable
ascertainment of causes of deaths.

It is a limitation of the study that blood was not col-
lected at baseline and as such it was not possible to
identify those with undiagnosed diabetes. Neither was
information collected on other measures of adiposity,
such as waist circumference or body fat percentage; re-
cent studies in mainly European populations indicate
waist circumference, in particular, is associated with risk
of vascular disease independently of BMI or other an-
thropometric measures (such as hip circumference), sug-
gesting that BMI alone may underestimate the relevance
of adiposity to vascular mortality [19, 20]. It was also not
possible to further sub-classify cardiovascular outcomes,
such as ischaemic and haemorrhagic stroke, which may
have different relationships with the risk factors exam-
ined [21]. Indeed, a number of studies have reported a

strong positive association of BMI with ischaemic stroke
but little association with haemorrhagic stroke [22, 23].
In addition, as the baseline survey was conducted follow-
ing a period of particular economic hardship (commonly
referred to as the ‘Special Period’ in Cuba), the preva-
lence of the risk factors in the cohort is likely to have
changed over the period of follow-up. However, steps
were taken to limit the effect of such changes, including
the correction for temporal variation of these factors in
prospective analyses, and use of risk factors’ prevalence
estimates from the 2010 Cuban National Non-
communicable Disease Risk Factor Survey when calcu-
lating attributable fractions.

The health system in Cuba focuses particularly on dis-
ease prevention and primary care [10]. Primary care
practices (normally consisting of a family doctor and
nurse) are assigned to look after about 150—200 families,
and healthcare staff live close to the communities they
serve. Practices are encouraged to visit families and ad-
dress major risk factors for common diseases through
both advice on lifestyle modification and medication; an
approach that might account for the lower cardiovascu-
lar mortality rates among diabetics in Cuba than Mexico,
where poor glycaemic control and low use of cardiopro-
tective medications may account for their poorer prog-
nosis. The model of healthcare in Cuba has delivered
substantial improvements in infant and maternal
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mortality over the last few decades, but mortality in mid-
dle age remains high with risk of death between ages
35-69 years in 2015 of 25% in men and 17% in women
[16].

The findings in the present report will support efforts
to address major metabolic risk factors for cardiovascu-
lar disease in Cuba. In particular, here, as elsewhere, the
study confirms the importance of blood pressure to car-
diovascular mortality. Trials have found blood pressure-
lowering medication reduces the risk of both coronary
heart disease and stroke [24], and the magnitude of the
effect is consistent with findings on blood pressure and
cardiovascular disease from prospective studies. The
baseline survey, and more recent national surveys in
Cuba [14], suggest that many with elevated blood pres-
sure and at high absolute risk of cardiovascular mortality
are not being treated with antihypertensives, and only
about a third of treated patients have controlled blood
pressure (defined as <140 mmHg SBP and <90 mmHg
DBP) [25]. The present study also suggests that much of
the adverse effect of a higher BMI on cardiovascular
mortality could be ameliorated by blood pressure con-
trol, even in the absence of availability of other cardio-
protective medications, such as statins.

Healthcare programs to increase the availability and
use of blood pressure-lowering medication are being de-
livered in Cuba. However, the present study suggests
that blood pressuring-lowering medication alone will not
fully address the burden of cardiovascular mortality.
Public health programs are also needed to address other
major risk factors for cardiovascular disease, in particu-
lar smoking (about one-third of men and one-fifth of
women smoke [26]), as well as the environmental deter-
minants of health that are driving the increasing preva-
lence of overweight and obesity, and of diabetes, as
reported in serial national surveys in Cuba [14].

Conclusions

This large prospective study provides direct evidence for
the effect of blood pressure, diabetes and BMI on cardio-
vascular mortality in Cuba. Overall, cardiovascular mor-
tality doubled for each 20 mmHg higher usual SBP, or
prior diabetes, or 10kg/m® higher usual BMI. These
findings differ importantly from prospective studies con-
ducted in other parts of Latin America, and highlight
the need for more large prospective studies in the re-
gion. Despite comparatively low levels of blood pressure,
diabetes and BMI in Cuba by international standards,
the strength of their association with cardiovascular
death means they nevertheless exert a substantial impact
on premature mortality. As the levels of these risk fac-
tors increase in Cuba, so too will their importance as de-
terminants of premature cardiovascular death, unless
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further efforts are made to address cardiovascular risk in
this population.

Abbreviations

BMI: Body-mass index; SBP: Systolic blood pressure; DBP: Diastolic blood
pressure; NCDs: Non-communicable diseases; ICD: International Classification
of Disease; RR: Rate ratio; Cl: Confidence interval

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512889-021-10911-9.

Additional file 1. Questionnaire (original Spanish), questionnaire
(English translation), supplementary Tables S1-S5, and supplementary Fig-
ure S1-S11.

Acknowledgements

We thank the study participants, fieldworkers, and data managers; Prof
Alfredo Duenas Hererra (deceased) for establishing and directing the study;
Raymundo Lopez-Martinez (deceased) for coordinating fieldwork; Jesus
Morlans-Paz (deceased) for helping to establish the study; Gale Mead (de-
ceased) who typed and repeatedly retyped the forms in English and in Span-
ish; and Jillian Boreham (retired) who cleaned and managed the data.

Authors’ contributions

NAR and SL directed the study. NAR was responsible for field supervision. NAR,
MCM, SBC, MAMM, IAA, EL-V, PV-P, JIMMR, OJHL, FAE, MDG, NRM, and MCA
were responsible for data collection. BL, NAR, MS, SC, JC, JAB, and SL were re-
sponsible for data analysis, interpretation, and reporting. BL, NAR, MS, SC, JC,
and SL drafted the article, which was revised by all authors. NAR, MS, SC, JC and
BL contributed equally as first authors. RP and SL contributed equally as senior
authors. All authors read and approved the final manuscript.

Funding

This study was funded by core support from the UK Medical Research
Council (MRC), British Heart Foundation (BHF), and Cancer Research UK (CR-
UK) to the Clinical Trial Service Unit and the MRC Population Health Research
Unit, both now in the Nuffield Department of Population Health (NDPH),
University of Oxford (Oxford, UK). Support was also received from the US
Centers for Disease Control and Prevention (CDC) Foundation (with support
from Amgen). BL acknowledges support from UK Biobank, the National
Institute for Health Research Biomedical Research Centre (Oxford, UK) and
the BHF Centre of Research Excellence (Oxford, UK). The funders of the study
had no role in the study design, data collection, data analysis, data
interpretation, or writing of the report. The corresponding author had full
access to all the data and had final responsibility for the decision to submit
this manuscript for publication.

Availability of data and materials

The datasets generated and/or analysed during the current study are not
publicly available, but are available from the corresponding author on
reasonable request.

Declarations

Ethics approval and consent to participate

Ethics approval was provided by the Ethics Committee of the National
Institute of Cardiology and Cardiac Surgery, Havana (ref: 0404134). All
participants provided written informed consent.

Consent for publication
Not applicable.

Competing interests

SL reports grants from the Medical Research Council (MRC) during the
conduct of the study, and research funding from the US Centers for Disease
Control and Prevention Foundation (with support from Amgen). JE reports a
grant from Boehringer Ingelheim outside of the submitted work. All other
authors declare no competing interests.


https://doi.org/10.1186/s12889-021-10911-9
https://doi.org/10.1186/s12889-021-10911-9

Armas Rojas et al. BMC Public Health (2021) 21:963

Author details

'National Institute of Cardiology and Cardiovascular Surgery, Havana, Cuba.
Nuffield Department of Population Health (NDPH), University of Oxford,
Oxford, UK. 3Georgetovvn University School of Medicine, Washington, D.C,
USA. “University of Pittsburgh School of Medicine, Pittsburgh, PA, USA.
®Institute of Hygiene, Epidemiology and Microbiology, Ministry of Public
Health, Havana, Cuba. °Cuban Commission against Smoking, Ministry of
Public Health, Havana, Cuba. ’Directorate of Medical Records and Health
Statistics, Ministry of Public Health, Havana, Cuba. ®MRC Population Health
Research Unit, NDPH, University of Oxford, Oxford, UK. Provincial Center of
Hygiene, Epidemiology and Microbiology, Matanzas, Cuba. °Municipal
Center of Hygiene, Epidemiology and Microbiology, Jagley Grande,
Matanzas, Cuba. '"Municipal Center of Hygiene, Epidemiology and
Microbiology, Colén, Matanzas, Cuba. '“Municipal Center of Hygiene,
Epidemiology and Microbiology, Camagtiey, Cuba. "*National Institute of
Endocrinology, Havana, Cuba. "“UKM Medical Molecular Biology Institute
(UMBI), Universiti Kebangsaan Malaysia, Kuala Lumpur, Malaysia.

Received: 28 January 2021 Accepted: 26 April 2021
Published online: 27 May 2021

References

1. WHO Global action plan for the prevention and control of
noncommunicable diseases 2013-2020. Geneva: World Health Organization;
2013.

2. NCD Countdown 2030 Collaborators. NCD Countdown 2030: worldwide
trends in non-communicable disease mortality and progress towards
sustainable development goal target 3.4. Lancet. 2018;392(10152):1072-88.
https://doi.org/10.1016/50140-6736(18)31992-5.

3. Prospective Studies Collaboration. Age-specific relevance of usual blood
pressure to vascular mortality: a meta-analysis of individual data for one
million adults in 61 prospective studies. Lancet. 2002,360(9349):1903-13.
https.//doi.org/10.1016/50140-6736(02)11911-8.

4. Prospective Studies Collaboration. Body-mass index and cause-specific mortality in
900 000 adults: collaborative analyses of 57 prospective studies. Lancet. 2009;
373(9669):1083-96. https.//doiorg/10.1016/50140-6736(09)60318-4.

5. Global BMI Mortality Consortium. Body-mass index and all-cause mortality:
individual-participant-data meta-analysis of 239 prospective studies in four
continents. Lancet. 2016;388(10046):776-86.

6. Asia Pacific Cohort Studies Collaboration. Sex-specific relevance of diabetes to
occlusive vascular and other mortality: a collaborative meta-analysis of individual
data from 980 793 adults from 68 prospective studies. Lancet Diabetes
Endocrinol. 20186(7):538-46. https.//doi.org/10.1016/S0140-6736(16)30175-1.

7. Roth GA, Nguyen G, Forouzanfar MH, Mokdad AH, Naghavi M, Murray CJ.

Estimates of global and regional premature cardiovascular mortality in 2025.

Circulation. 2015;132(13):1270-82. https://doi.org/10.1161/CIRCULATIONA
HA.115.016021.

8. Alegre-Diaz J, Herrington W, Lopez-Cervantes M, et al. Diabetes and cause-
specific mortality in Mexico City. N Engl J Med. 2016;375(20):1961-71.
https://doi.org/10.1056/NEJMoa1605368.

9. United Nations Population Fund. https.//www.unfpa.org/data/world-popula
tion/CU. Accessed 1 Mar 2021

10.  Loewenberg S. Cuba's focus on preventive medicine pays off. Lancet. 2016;
387(10016):327-9. https;//doi.org/10.1016/50140-6736(16)00155-0.

11. Armas Rojas N, Lacey B, Lewington S, et al. Cohort Profile: the Cuba
Prospective Study. Int J Epidemiol. 2019;48(3):680-1e. https://doi.org/10.1
093/ije/dyy297.

12. Clarke R, Shipley M, Lewington S, Youngman L, Collins R, Marmot M, et al.
Underestimation of risk associations due to regression dilution in long-term
follow-up of prospective studies. Am J Epidemiol. 1999;150(4):341-53.
https://doi.org/10.1093/0xfordjournals.aje.a010013.

13.  Easton DF, Peto J, Babiker AG. Floating absolute risk: an alternative to
relative risk in survival and case-control analysis avoiding an arbitrary
reference group. Stat Med. 1991;10(7):1025-35. https.//doi.org/10.1002/sim.4
780100703.

14.  Mariano Bonet Gorbea M, Varona Pérez P. lll Encuesta nacional de factores
de riesgo y actividades preventivas de enfermedades no trasmisibles. Cuba
2010-2011. Havana: Editorial Ciencias Médicas; 2014.

15. Rockhill B, Newman B, Weinberg C. Use and misuse of population
attributable fractions. Am J Public Health. 1998;88(1):15-9. https://doi.org/1
0.2105/AJPH.88.1.15.

Page 10 of 10

16.  Institute for Health Metrics and Evaluation. Global burden of disease (GBD).
Global health data exchange. http://ghdx healthdata.org/gbd-results-tool.
Accessed 1 Mar 2021

17. Emerging Risk Factors Collaboration. Diabetes mellitus, fasting blood
glucose concentration, and risk of vascular disease: a collaborative meta-
analysis of 102 prospective studies. Lancet. 2010;375(9733):2215-22. https//
doi.org/10.1016/50140-6736(10)60484-9.

18.  Gajalakshmi V, Lacey B, Kanimozhi V, Sherliker P, Peto R, Lewington S. Body-
mass index, blood pressure, and cause-specific mortality in India: a
prospective cohort study of 500 810 adults. Lancet Glob Health. 2018;6(7):
e787-e94. https.//doi.org/10.1016/52214-109X(18)30267-5.

19.  Pischon T, Boeing H, Hoffmann K, Bergmann M, Schulze MB, Overvad K,
et al. General and abdominal adiposity and risk of death in Europe. N Engl J
Med. 2008;359(20):2105-20. https://doi.org/10.1056/NEJM0a0801891.

20. Cameron AJ, Romaniuk H, Orellana L, Dallongeville J, Dobson AJ, Drygas W,
et al. Combined influence of waist and hip circumference on risk of death
in a large cohort of European and Australian adults. J Am Heart Assoc. 2020;
9(13):¢015189. https://doi.org/10.1161/JAHA.119.015189.

21. Lacey B, Lewington S, Clarke R, Kong XL, Chen Y, Guo Y, et al. Age-specific
association between blood pressure and vascular and non-vascular chronic
diseases in 0.5 million adults in China: a prospective cohort study. Lancet Glob
Health. 2018;6(6):e641-€9. https.//doi.org/10.1016/52214-109X(18)30217-1.

22. Chen Z lona A, Parish S, Chen Y, Guo Y, Bragg F, et al. Adiposity and risk of
ischaemic and haemorrhagic stroke in 0.5 million Chinese men and women:
a prospective cohort study. Lancet Glob Health. 2018,6(6):e630-e40. https.//
doi.org/10.1016/52214-109X(18)30216-X.

23.  Kroll ME, Green J, Beral V, Sudlow CLM, Brown A, Kirichek O, et al. Adiposity
and ischemic and hemorrhagic stroke: prospective study in women and
meta-analysis. Neurology. 2016;87(14):1473-81. https://doi.org/10.1212/WNL.
0000000000003171.

24, Law MR, Morris JK, Wald NJ. Use of blood pressure lowering drugs in the
prevention of cardiovascular disease: meta-analysis of 147 randomised trials
in the context of expectations from prospective epidemiological studies.
BMJ. 2009;338(1):b1665. https://doi.org/10.1136/bmjb1665.

25. Armas Rojas N, Dobell E, Lacey B, Varona-Pérez P, Burrett JA, Lorenzo-
Viézquez E, et al. Burden of hypertension and associated risks for
cardiovascular mortality in Cuba: a prospective cohort study. Lancet Public
Health. 2019;4(2):.e107-e15. https://doi.org/10.1016/52468-2667(18)30210-X.

26.  World Bank. https://data.worldbank.org/indicator/SH.PRV.SMOK FE?locations=
CU. Accessed 1 Mar 2021

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://doi.org/10.1016/S0140-6736(18)31992-5
https://doi.org/10.1016/S0140-6736(02)11911-8
https://doi.org/10.1016/S0140-6736(09)60318-4
https://doi.org/10.1016/S0140-6736(16)30175-1
https://doi.org/10.1161/CIRCULATIONAHA.115.016021
https://doi.org/10.1161/CIRCULATIONAHA.115.016021
https://doi.org/10.1056/NEJMoa1605368
https://www.unfpa.org/data/world-population/CU
https://www.unfpa.org/data/world-population/CU
https://doi.org/10.1016/S0140-6736(16)00155-0
https://doi.org/10.1093/ije/dyy297
https://doi.org/10.1093/ije/dyy297
https://doi.org/10.1093/oxfordjournals.aje.a010013
https://doi.org/10.1002/sim.4780100703
https://doi.org/10.1002/sim.4780100703
https://doi.org/10.2105/AJPH.88.1.15
https://doi.org/10.2105/AJPH.88.1.15
http://ghdx.healthdata.org/gbd-results-tool
https://doi.org/10.1016/S0140-6736(10)60484-9
https://doi.org/10.1016/S0140-6736(10)60484-9
https://doi.org/10.1016/S2214-109X(18)30267-5
https://doi.org/10.1056/NEJMoa0801891
https://doi.org/10.1161/JAHA.119.015189
https://doi.org/10.1016/S2214-109X(18)30217-1
https://doi.org/10.1016/S2214-109X(18)30216-X
https://doi.org/10.1016/S2214-109X(18)30216-X
https://doi.org/10.1212/WNL.0000000000003171
https://doi.org/10.1212/WNL.0000000000003171
https://doi.org/10.1136/bmj.b1665
https://doi.org/10.1016/S2468-2667(18)30210-X
https://data.worldbank.org/indicator/SH.PRV.SMOK.FE?locations=CU
https://data.worldbank.org/indicator/SH.PRV.SMOK.FE?locations=CU

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design and participants
	Statistical analyses

	Results
	Discussion
	Conclusions
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

