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Abstract 

Background: This paper aims to assess the presence of gender differences in medication use and mortality in a 
cohort of patients affected exclusively by hypertension, in 193 municipalities in the Lombardy Region (Northern Italy), 
including Milan’s metropolitan area. 

Methods: A retrospective cohort study was conducted (N = 232,507) querying administrative healthcare data and 
the Register of Causes of Death. Hypertensive patients (55.4% women; 44.6% men) in 2017 were identified; gender 
differences in medication use (treatment, 80% compliance) and deaths (from all causes and CVDs) were assessed at 
two-year follow-ups in logistic regression models adjusted for age class, census-based deprivation index, nationality, 
and pre-existing health conditions. Models stratified by age, deprivation index, and therapeutic compliance were also 
tested.

Results: Overall, women had higher odds of being treated, but lower odds of therapeutic compliance, death from 
all causes, and death from CVDs. All the outcomes had clear sex differences across age classes, though not between 
different levels of deprivation. Comparing patients with medication adherence, women had lower odds of death from 
all causes than men (with a narrowing protective effect as age increased), while no gender differences emerged in 
non-compliant patients.

Conclusions: Among hypertensive patients, gender differences in medication consumption and mortality have 
been found, but the extent to which these are attributable to a female socio-cultural disadvantage is questionable. 
The findings reached, with marked age-dependent effects in the outcomes investigated, suggest a prominent role for 
innate sex differences in biological susceptibility to the disease, whereby women would take advantage of the protec-
tive effects of their innate physiological characteristics, especially prior to the beginning of menopause.
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Background
Hypertension, or high blood pressure, is a long-term 
medical condition in which blood pressure in the arter-
ies is persistently elevated. Although typically asymp-
tomatic, hypertension is one of the most important 

risk factors for cardiovascular diseases (CVDs), stroke, 
chronic kidney disease, as well as other pathological con-
ditions [1]. Moreover, even slight elevations in arterial 
blood pressure are associated with significant reductions 
in life expectancy [2]. Besides genetic susceptibility, risk 
factors for hypertension include unhealthy diet (espe-
cially with high salt intake), excess body weight, physi-
cal inactivity, smoking and immoderate alcohol use [1]. 
Hence, like many other diseases strongly associated with 
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lifestyle and behaviours, hypertension is unequally dis-
tributed across social groups, with higher prevalence in 
the less educated compared to the highly educated [3–5]. 
Furthermore, a pattern of inequality is also present in 
relation to care, with rates of awareness, treatment, and 
control varying according to age, education, and income 
levels [6–8]. Gender is another pivotal element, as hyper-
tension prevalence and care have been reported to vary 
extensively between men and women [9–13], yielding 
contrasting results, which are strongly dependent on 
the context studied. Such differences are known to be 
driven by biological, behavioural, and socio-cultural fac-
tors. Biological factors include sex hormones and other 
innate sex differences that are protective against hyper-
tension in women [12, 14]. For instance, women enjoy the 
protective effects of oestrogens before menopause [15], 
which make them less subject to salt-sensitivity [16] and 
contribute to a delayed onset of the disease compared to 
men [17]. Men and women also differ in the distribution 
of the aforementioned key behavioural risk factors, some 
of which may contribute to narrowing the gender gap 
in hypertension (e.g. lower physical activity in women), 
while others may widen the disparities outlined by bio-
logical conditions (e.g. higher smoking prevalence in 
men). It is important to stress that these differences in 
health-related behaviours are influenced by the dominant 
role and gender models present in society [18], so that 
societal and cultural values may play an important role 
in shaping hypertension risk exposure [19]. Beyond the 
socio-cultural influence on health attitudes and lifestyles, 
it has been reported that women are less likely to receive 
optimal diagnostic evaluation and therapeutic interven-
tion than men [11, 12, 20]. Considering the relevance of 
the gender dimension in relation to several aspects of 
the disease, we aimed to explore the gender patterning 
of medication consumption and mortality in a cohort of 
subjects diagnosed exclusively with hypertension in the 
territory covered by the Agency for Health Protection 
of the Metropolitan City of Milan (ATS of Milan). As 
the literature suggests, the extent to which such meas-
ures vary between men and women is strictly dependent 
on the context studied, presumably according to differ-
ent biological susceptibility, societal values and cultural 
norms, and healthcare provision, alongside other features 
of the local environment [9–19]. Hence, without context-
specific knowledge about the phenomena investigated, 
it is not possible to develop proper interventions aimed 
at tackling hypertension and its related inequalities. The 
topic is also highly relevant in light of the epidemiological 
evidence concerning mortality trends in the last decade 
in Italy, where CVDs have been replaced by neoplasms 
as the primary cause of death in men, but not in women 
[21], likely because of the existence of gender differences 

in therapeutic compliance. Given the lack of such infor-
mation in the territory of the ATS of Milan, this study 
sets out to deepen the knowledge about gender dispari-
ties in hypertension in the territory.

Methods
Study Population
The study was conducted querying the Administrative 
Healthcare Databases (AHD) of the ATS of Milan, which 
gathers health data for people living in the provinces of 
Milan and Lodi (193 municipalities), with a population 
of about 3.46 million people in 2017. In Italy, since 1978, 
the population has been fully covered by a universal and 
tax-funded healthcare system; in the Lombardy Region 
since 1997 its management has been associated with an 
automated system of databases, which collect a variety of 
information concerning services provided to beneficiar-
ies of the healthcare system. Through 2017 AHD data 
we retrospectively identified the cohort of hypertensive 
patients aged 30–99  years (N = 232,507) which were 
not affected by any other chronic disease. Hypertensive 
patients were identified according to the criteria estab-
lished by the 2017 Lombardy Region’s deliberation n° 
X/6164, which aimed to develop an innovative system to 
improve the assistance to patients with chronic diseases 
or those in vulnerable conditions. The Region provided 
codes to detect from the databases individuals affected 
by chronic conditions. Data were linked by the social 
security number with pharmaceutical consumption and 
deaths in 2018 and 2019 to assess the outcomes at two-
year follow-ups. The choice to include subjects with only 
hypertension in the cohort was due to the possibility to 
account for medication use and deaths directly attribut-
able to this specific disease, without the overlap of other 
medical conditions sharing the same risk profile, treat-
ment, and outcomes.

Measures
Medication consumption for each subject was derived 
from the Pharmaceutical Consumption Database (PCD), 
which encompasses information concerning all three 
channels of medicine supply: pharmacies, hospitals, and 
on behalf of the local health authorities. All the prescrip-
tions referring to code C of the Anatomical Therapeutic 
Chemical (ATC) classification system [22] were included, 
which allowed us to identify pharmaceutical consump-
tion related to the cardiovascular system (cardiac ther-
apy, antihypertensives, diuretics, peripheral vasodilators, 
vasoprotectives, beta-blocking agents, calcium channel 
blockers, agents acting on the renin–angiotensin system, 
lipid-modifying agents). Medication use was expressed 
in terms of Defined Daily Dose (DDD), a standard-
ized statistical measure, which allows a comparison of 
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consumption between different products, populations, 
and time intervals [23]. DDD is defined as the assumed 
average maintenance dose per day for a medicine used 
for its main indication in adults. From the information 
available in the PCD, we extracted two complementary 
measures of medication intake. First, we identified as 
treated those who took at least one DDD of ATC code C 
medicines in the two-year period. Second, the continu-
ous DDD measure (overall ATC code C consumption in 
the two years) was dichotomized to distinguish compli-
ant from non-compliant patients relying on the 80% cut-
off based on the early empirical definition of sufficient 
adherence to antihypertensive medications [24].

Mortality was extracted from the Register of Causes of 
Death (Registro Nominativo delle Cause di Morte, ReN-
CaM). Deaths from all causes and cause-specific deaths 
from CVDs were considered.

Gender, age, and nationality (Italian/non-Italian) were 
extracted from the civil registry (Nuova Anagrafe Region-
ale, NAR).

Deprivation index of the census block of residence was 
computed using data from the latest Italian census [25]. 
We relied on Rosano and colleagues’ index [26], which 
is a revised version of Caranci and colleagues’ index [27, 
28]. The index was computed as the sum of the z-scores 
of five indicators: the percentage of individuals (15–60 
y.o.) with at most primary education, the percentage of 
unemployed individuals (15–60 y.o.), the percentage of 
households who rented their homes, the percentage of 
single-parent families with underage children, and the 
average of housing crowding (number of inhabitants 
per  100m2) in each census block. The continuous score 
obtained was categorized in quartiles, each identifying 
the percentage of subjects living in very low, low, high, 
and high deprivation areas.

Pre-existing health conditions are typically measured 
by the presence of comorbidities, which in our case is 
null given the identification of a cohort of hyperten-
sive patients with no other chronic medical conditions. 
Therefore, we assessed them through hospital admissions 
and first aid accesses in the year before the outcome con-
sidered. Data were extracted from the hospital discharges 
(Schede di Dimissione Ospedaliera) and the emergency 
department discharges (Pronto Soccorso) databases.

Statistical Analysis
Medication use and death rates were first presented 
graphically, separately for women and men, and seg-
mented by age class. Then, gender differences in the out-
comes were assessed through regression models adjusted 
for age, nationality, deprivation index, and pre-existing 
health conditions. Models with deaths as outcomes were 
also adjusted for therapeutic compliance. Multivariable 

logistic regression models were used to obtain odds ratios 
of women versus men for each outcome. The models 
were also stratified by ten-year age classes and depriva-
tion index – this last dichotomized to emphasize differ-
ence between patients living in very low/low and high/
very high deprivation areas. Mortality models were addi-
tionally stratified by ten-year age classes and therapeutic 
compliance. Stratified mortality models were run only 
for subjects aged 50 years or older and were not adjusted 
for nationality due to insufficient sample size in some 
age categories. As robustness checks, we also ran models 
specifying a three-way interaction term between gender, 
age class and deprivation index (also therapeutic com-
pliance for mortality models) to specifically account for 
possible gender effect modifications due to such predic-
tors. In all models, multicollinearity was assessed. Statis-
tical significance was set by P-values < 0.05 (2-sided). All 
analyses were conducted using Stata version 16.

Results
Table 1 shows descriptive statistics, overall and by gender. 
Figure 1 shows the percentage of subjects diagnosed with 
only hypertension in the territory of the ATS of Milan 
(the overall population for each class used as denomina-
tor was taken from the Italian National Institute of Sta-
tistics: https:// demo. istat. it/). Overall, women (9.8%) 
have a one percentage point higher rate compared to 
men (8.8%), but the values are strongly dependent on age 
class; until the 60–64 age class rates are slightly higher in 
men, for whom values start to decrease in old age, slightly 
increasing again in the last two age classes. Conversely, 
women show a steady increase leading to sizeable differ-
ences compared to men in elderly age. This highlights the 
importance of considering age class differences in sub-
sequent analyses on hypertension outcomes. Figure  2 
provides an insight into medication use and death rates 
within the cohort. The percentage of treated patients 
slightly increases with age and starts to decrease in old 
age. Gender differences are present in the youngest age 
classes, in which women appear to be less often treated 
than men, and between the 60–64 and 80–84 age classes, 
where conversely women are treated more often than 
men. However, a different picture emerges when look-
ing at the percentage of patients who reached the 80% 
compliance threshold in the two-year period. Women, 
who show lower medication adherence in the youngest 
age classes, gradually narrow their gap until a reversal of 
the pattern in old age, when their compliance is slightly 
higher than men’s. Concerning mortality, deaths from all 
causes are similar between men and women, with higher 
rates in men in each age class. Cause-specific deaths from 
CVDs follow an analogous pattern, with less pronounced 
gender differences, except for the oldest age class.

https://demo.istat.it/
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Table 2 reports the results of the multivariable regres-
sion models. Adjusting for confounders, women in the 
cohort have statistically significantly higher odds of being 
treated compared to men (OR = 1.11; 95% C.I. = 1.07–
1.15), though the picture changes radically when 

considering the volume of pharmaceutical consump-
tion, in relation to which women are less likely than men 
to reach the 80% compliance threshold (OR = 0.79; 95% 
C.I. = 0.77–0.80). However, despite a lower medication 
use, women also show lower odds of death from both all 

Table 1 Descriptive statistics of the cohort (N = 232,507)

N %

Women Men Total Women Men Total

Age class
 30–34 374 687 1,061 0.29 0.66 0.46

 35–39 1,038 1,723 2,761 0.81 1.66 1.19

 40–44 2,786 4,656 7,442 2.16 4.49 3.2

 45–49 6,045 9,022 15,067 4.69 8.7 6.48

 50–54 10,489 13,642 24,131 8.14 13.16 10.38

 55–59 12,583 14,842 27,425 9.77 14.32 11.8

 60–64 14,247 14,492 28,739 11.06 13.98 12.36

 65–69 16,625 13,888 30,513 12.9 13.4 13.12

 70–74 16,929 11,572 28,501 13.14 11.16 12.26

 75–79 17,931 9,596 27,527 13.92 9.26 11.84

 80–84 14,270 5,629 19,899 11.07 5.43 8.56

 85–89 9,663 2,795 12,458 7.5 2.7 5.36

 90–94 4,565 936 5,501 3.54 0.9 2.37

 95–99 1,310 172 1,482 1.02 0.17 0.64

Nationality
 Italian 121,736 99,199 220,935 94.48 95.7 95.02

 Non-Italian 7,119 4,453 11,572 5.52 4.3 4.98

Deprivation Index
 Very low 31,419 26,715 58,134 24.38 25.77 25

 Low 31,530 26,601 58,131 24.47 25.66 25

 High 32,290 25,829 58,119 25.06 24.92 25

 Very high 33,616 24,507 58,123 26.09 23.64 25

Hospital admission
 No 106,805 85,157 191,962 82.89 82.16 82.56

 Yes 22,050 18,495 40,545 17.11 17.84 17.44

First-aid access
 No 82,081 69,063 151,144 63.7 66.63 65.01

 Yes 46,774 34,589 81,363 36.3 33.37 34.99

Treated
 No 8,756 6,709 15,465 6.8 6.47 6.65

 Yes 120,099 96,943 217,042 93.2 93.53 93.35

80% Compliance
 No 25,702 18,352 44,054 19.95 17.71 18.95

 Yes 103,153 85,300 188,453 80.05 82.29 81.05

Death (all causes)
 No 125,232 101,849 227,081 97.19 98.26 97.67

 Yes 3,623 1,803 5,426 2.81 1.74 2.33

Death (CVDs)
 No 127,464 103,037 230,501 98.92 99.41 99.14

 Yes 1,391 615 2,006 1.08 0.59 0.86
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causes (OR = 0.77; 95% C.I. = 0.72–0.82) and from CVDs 
(OR = 0.80; 95% C.I. = 0.72–0.89) compared to men.

A quite different picture emerges when age (ten-year 
classes) and deprivation index (dichotomous: low/very 
low; high/very high) are included as modifiers, and 

not simply as confounders. Figure  3 shows the results 
of age and deprivation stratified models in forest plots, 
where women versus men odds ratios are presented. 
Values greater than 1 (at the right of the vertical line) 
imply higher odds for women compared to men in 

Fig.1 Percentage of hypertensive patients (30–99 y.o.) without any other chronic medical condition in the ATS of Milan, by gender and age class, 
2017 (Women = 9.8%; Men = 8.8%; Overall = 9.4%)

Fig. 2 Medication consumption (percentage of treated patients, percentage of compliant patients) and deaths (all causes, CVDs) in hypertensive 
patients (30–99 y.o.) without any other chronic medical condition in the ATS of Milan, by gender and age class, 2018–2019
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relation to the outcome of interest; non-overlapping 
95% C.I. bars imply a statistically significant difference. 
The odds of being treated are systematically higher in 
women compared to men only in the 60–69 and 70–79 
age classes (Fig.  3a). Concerning therapeutic compli-
ance, compared to men, women are less likely to reach 
adherence in the youngest classes, with reducing differ-
ences as age increases, disappearing altogether in the 
last two age classes (Fig.  3b). Regarding mortality, the 
most evident results are the lower odds of death from 
all causes (Fig. 3c) and from CVDs (Fig. 3d) in women 

in the 50–59 and 60–69 age classes living in high dep-
rivation areas, compared to men living in similar con-
texts. However, in relation to deaths – especially for 
the latter – the emergence of a pattern is influenced 
by the low deaths rates at two-year follow-ups. Over-
all, none of the four outcomes examined demonstrates 
a relevant pattern of variation according to depri-
vation index. Finally, according to models stratified 
by age class and therapeutic compliance, women in 
adherence with their therapy have significantly lower 
odds of deaths from all causes compared to their male 

Table 2 Regression models of drug consumption and mortality in the cohort (N = 232,507)

Treated 80% Compliance All-cause mortality CVDs mortality

Odds Ratio 95% C.I Odds Ratio 95% C.I Odds Ratio 95% C.I Odds Ratio 95% C.I

Gender
 Men (ref.) 1 - 1 - 1 - 1 -

 Women 1.11 [1.07; 1.15] 0.79 [0.77; 0.80] 0.77 [0.72; 0.82] 0.80 [0.73; 0.89]

Deprivation Index
 Very Low (ref.) 1 - 1 - 1 - 1 -

 Medium Low 0.99 [0.94; 1.04] 1.04 [1.01; 1.07] 1.08 [0.99; 1.18] 1.01 [0.89; 1.16]

 Medium High 0.92 [0.88; 0.97] 1.04 [1.01; 1.07] 1.18 [1.08; 1.28] 1.12 [0.98; 1.27]

 Very High 0.90 [0.86; 0.94] 1.06 [1.03; 1.09] 1.24 [1.14; 1.35] 1.15 [1.02; 1.31]

Age class
 30–34 (ref.) 1 - 1 - 1 - 1 -

 35–39 1.43 [1.18; 1.73] 1.05 [0.89; 1.24] 0.79 [0.20; 3.19] 1.57 [0.18; 14.10]

 40–44 1.99 [1.67; 2.37] 1.07 [0.92; 1.24] 0.70 [0.20; 2.46] 1.08 [0.13; 8.78]

 45–49 2.37 [2.00; 2.80] 1.14 [0.99; 1.31] 0.63 [0.19; 2.11] 0.54 [0.07; 4.44]

 50–54 3.14 [2.66; 3.71] 1.21 [1.05; 1.40] 1.05 [0.33; 3.35] 1.11 [0.15; 8.21]

 55–59 3.76 [3.18; 4.44] 1.31 [1.13; 1.50] 1.45 [0.46; 4.58] 1.62 [0.22; 11.82]

 60–64 4.11 [3.48; 4.86] 1.49 [1.29; 1.71] 1.84 [0.58; 5.81] 1.75 [0.24; 12.74]

 65–69 4.70 [3.97; 5.57] 1.58 [1.37; 1.82] 2.88 [0.92; 9.04] 2.56 [0.35; 18.48]

 70–74 4.68 [3.95; 5.54] 1.84 [1.59; 2.12] 3.99 [1.28; 12.51] 3.48 [0.48; 25.04]

 75–79 4.22 [3.56; 5.00] 1.90 [1.65; 2.19] 7.06 [2.26; 22.06] 6.63 [0.93; 47.46]

 80–84 2.73 [2.30; 3.23] 1.87 [1.62; 2.16] 13.97 [4.47; 43.65] 15.58 [2.18; 111.36]

 85–89 1.24 [1.05; 1.47] 1.93 [1.67; 2.24] 32.71 [10.47; 102.14] 36.13 [5.06; 258.03]

 90–94 0.50 [0.42; 0.59] 2.10 [1.79; 2.46] 79.50 [25.44; 248.44] 88.73 [12.42; 633.90]

 95–99 0.26 [0.21; 0.32] 2.77 [2.25; 3.41] 198.86 [63.34; 624.31] 170.33 [23.76; 1,221.25]

Citizenship
 Italian (ref.) 1 - 1 - 1 - 1 -

 Other 0.59 [0.56; 0.63] 0.96 [0.92; 1.01] 0.77 [0.56; 1.04] 0.87 [0.55; 1.39]

Hospital admission
 No (ref.) 1 - 1 - 1 - 1 -

 Yes 1.50 [1.42; 1.59] 1.07 [1.04; 1.10] 5.26 [4.92; 5.62] 2.65 [2.39; 2.94]

First-aid access
 No (ref.) 1 - 1 - 1 - 1 -

 Yes 1.74 [1.67; 1.81] 0.97 [0.95; 0.99] 2.34 [2.18; 2.52] 1.94 [1.74; 2.17]

80% Compliance
 No (ref.) N.A N.A 1 - 1 -

 Yes 1.39 [1.27; 1.51] 1.55 [1.34; 1.78]
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counterparts, a protective effect that diminishes when 
moving from the youngest to the oldest age classes 
(Fig.  4a). A similar pattern is present in relation to 
death from CVDs, though weakened again by low sam-
ple size (Fig.  4b). Models implemented with a three-
way interaction term as robustness checks achieved 
findings analogous to those that emerged from strati-
fied models (Figures  A1-A6 in the Additional File). 
Results of these models were presented graphically as 

adjusted predictions at the means, expressing, for each 
outcome, the predicted probability for each combina-
tion of the categories involved in the interaction terms, 
at the means of (i.e. keeping constant) the other covari-
ates. As visible from the graphs, the results are in line 
with those that emerged from the respective stratified 
models, including the non-significance of the depriva-
tion index in shaping medication consumption and 
deaths differently between sexes and across age classes, 

Fig. 3 Women vs Men (ref.) odds of (a) being treated; (b) therapeutic compliance; (c) deaths from all causes; (d) deaths from CVDs, stratified 
by ten-year age class and deprivation index (very low/low – high/very high), adjusted for nationality, hospital admissions, first-aid access in the 
previous years (a, b, c, d) and therapeutic compliance (only c and d)

Fig. 4 Women vs Men (ref.) odds of (a) deaths from all causes; (b) deaths from CVDs, stratified by ten-year age class and therapeutic compliance 
index (very low/low – high/very high), adjusted for deprivation index, hospital admissions, and first-aid access in the previous years
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notable from the similarity between the low and high 
deprivation curves in each graph.

Discussion
In this study, we investigated the presence of gender 
patterning in medication use and deaths in a cohort of 
patients diagnosed exclusively with hypertension in the 
territory covered by the ATS of Milan. The use of the term 
gender rather than sex was an explicit choice to frame 
differences in the pathology that go beyond the purely 
biological perspective. Indeed, the concept of gender 
involves culturally and socially determined roles, conven-
tions, and behaviours that contribute to shaping relations 
between males and females, especially in terms of power, 
prestige, discrimination, and access to resources, due to 
socially constructed models of masculinity, which result 
in women bearing the major burden of negative health 
effects from gender-based social hierarchies [29]. Dis-
tinguishing between sex and gender differences in health 
outcomes is crucial to conceive specific interventions to 
promote public health. Sex differences originate from 
biological processes, thus being somehow ‘unavoidable’ 
and ‘acceptable’ [30] and to be treated as a purely medi-
cal condition. On the contrary, as gender differences are 
rooted in the social environment they should be consid-
ered inequities, which are by definition ‘avoidable’ and 
‘unnecessary’ [30], and addressed by means of broader 
interventions focusing on their social patterning. As 
social, cultural and economic factors play an important 
role in shaping diagnosis and subsequent treatment[31], 
we additionally investigated the effect of a socioeconomic 
status’ (SES) proxy on hypertension-related outcomes. 
This allowed us to check for the possible existence of 
both gender and socioeconomic inequalities in hyperten-
sion-related outcomes. Moreover, gender and SES might 
also act together in shaping risk profiles as, according 
to intersectionality theory, the combination of different 
social categories may unveil interacting mechanisms that 
noticeably differ from the isolated effects of the same cat-
egories [5, 32, 33]. On the one hand, it is known that soci-
oeconomic inequalities do not necessarily affect men and 
women to the same extent [32, 34, 35]; on the other hand, 
as regards the specific pathology studied, women enjoy 
the protective effects of oestrogens before the begin-
ning of menopause [9–13], so that this and other innate 
physiological features [14] might mitigate the presence of 
stronger SES effects compared to men. Such favourable 
biological endowment is tangible from the examination 
of the pathology’s rates according to age class, whereby 
after menopause onset age (which is on average 51) wom-
en’s rates exceed those of men, and the gap widens with 
age. Specifically, women’s rates are lower than men’s until 
the 60–64 age class, consistent with literature indicating 

that development of hypertension may not occur until 5 
to 10 years after the beginning of menopause [36, 37]. In 
line with this, women’s lower pharmaceutical consump-
tion detected in the study might be a consequence of a 
less pronounced need, as the lower therapeutic adher-
ence compared to men would otherwise go against the 
evidence of higher chances of being treated and of lower 
death rates. Indeed, a Swedish study conducted with 
administrative healthcare data reported that women are 
less likely to be prescribed antihypertensive medicines 
than men, especially at a young age, with reducing differ-
ences as age increases [38], supporting the hypothesis of 
a lower consumption as a consequence of a lower need. 
As regards SES, although overall the deprivation index 
was associated with medication use and mortality, there 
appeared to be no gender differences in relation to its 
effects. Socially disadvantaged individuals were less likely 
to be treated but had higher therapeutic adherence and 
mortality compared to the better off. Thus, among the 
treated, the disadvantaged might have on average higher 
medication use because of worse health conditions, as 
also suggested by the notable deprivation gradient in all-
cause mortality. Overall, the results reached suggest that 
in Milan’s metropolitan area differences between women 
and men in hypertension outcomes – which appeared 
to be markedly age-dependent – would be chiefly attrib-
utable to biological features, with less space for socio-
economic and cultural conditions. This implies that, 
concerning the specific case examined, such differences 
are not conceivable as inequities, being mostly the prod-
uct of natural sex-related characteristics. Such findings 
are not novel within the literature, which has reported 
mixed findings. Though some studies have identified 
a female disadvantage in hypertension treatment [39], 
CVDs treatment [40, 41], and in being in target with 
risk factor management [42, 43], others found opposing 
[44–47] or contrasting results [5, 48–50]. Hence, gender 
differences in hypertension treatment stand out for being 
a context- and age-dependent phenomenon. Concern-
ing the context studied, leveraging socioeconomic fac-
tors would be of paramount importance to tackle social 
inequalities in hypertension-related outcomes, while 
there is no evidence for the need to focus on the gender 
dimension, in its sociological meaning, as the differences 
that emerged between men and women were likely to 
be dependent on their distinct physiology in relation to 
blood pressure risk and control [14].

This study is subject to some limitations that should be 
noted. Firstly, our data refers to patients diagnosed exclu-
sively with hypertension and without any other compli-
cations. On the one hand, this represents a limitation as 
we necessarily focused on a minority of all patients with 
hypertension in the study area. On the other hand, this 
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was an explicit choice to enable us to assess the associa-
tion between the outcomes investigated and the treat-
ment without incurring bias. This would not have been 
possible if including subjects with comorbidities, as ATC 
code C medications are not a prerogative of hyperten-
sion treatment. Secondly, we are aware of several factors 
influencing medication use that have not been included 
in the models. Among these, individual SES is known to 
play a pivotal role in shaping patient compliance [51–54], 
but having no information about this, we relied on an 
aggregate area deprivation measure. Though it can be 
considered a proxy, caution is needed when interpreting 
this measure, to avoid the risk of incurring the ecologi-
cal fallacy [55]. However, despite their limitations, area-
based measures of deprivation have been shown to act as 
a good proxy of individual SES when considered in rela-
tion to health outcomes [56–58]. Another factor is bio-
logic susceptibility, which is typically measured through 
family history with the disease. Unfortunately, such 
information was not available in the administrative data 
source. Thirdly, we were able to assess treatment, but we 
had no means to check whether therapeutic control was 
reached, due to the unavailability of systolic and dias-
tolic blood pressure measurements. Fourthly, armed with 
information exclusively about medication consumption 
– and not pharmaceutical prescriptions – we could only 
measure therapeutic adherence based on the assumption 
that chronic patients need at least one DDD of ATC code 
C medicines per day, hence compliance was computed 
on a common 730 (365 × 2) days denominator, inevi-
tably disregarding the different therapies prescribed to 
each subject in the cohort. Moreover, recent studies have 
questioned the practice of relying on the 80% threshold 
as a general standard for therapeutic compliance [59–62]. 
Finally, we need to consider the possibility of selection 
bias in the identification of the cohort, as excluding sub-
jects with comorbidities may have led us to perform the 
analysis on a sample with different baseline characteris-
tics compared to the overall set of hypertensive patients 
in the study area.

Conclusions
Clear differences emerged in relation to medication 
use and mortality between women and men but attrib-
uting them to innate sex differences in biological sus-
ceptibility to hypertension seems to be more plausible 
than relying on a socio-cultural explanation. How-
ever, this study constitutes only a first step to explore 
the existence of gender inequalities in pharmaceutical 
consumption for CVDs. Specific information on pre-
scriptions and adherence, as well as ad-hoc survey data 
aiming at inquiring the impact of socioeconomic con-
ditions on the management of chronic diseases, would 

improve knowledge about the role of the gender dimen-
sion in shaping treatment and control.

Abbreviations
AHD: Administrative Healthcare Databases; ATS of Milan: Agency for Health 
Protection of the Metropolitan City of Milan; ATC : Anatomical Therapeutic 
Chemical; CVDs: Cardiovascular diseases; DDD: Defined Daily Dose; PCD: Phar-
maceutical Consumption Database; SES: Socioeconomic Status.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12889- 022- 13052-9.

Additional file 1: Figure A1. Adjustedpredictions (with 95% C.I.) of being 
treated, age*gender*deprivation interaction, at the means of nationality-
and pre-existing health conditions. Figure A2. Adjusted predictions (with 
95% C.I.) of being in therapeutic compliance, age*gender*deprivation 
interaction, at the means of nationality andpre-existing health condi-
tions. Figure A3. Adjusted predictions (with95% C.I.) of death from all 
causes, age*gender*deprivation interaction, at themeans of pre-existing 
health conditions and therapeutic compliance. Figure A4. Adjusted pre-
dictions (with 95% C.I.) of death from CVDs, age*gender*deprivation 
interaction, at the means of pre-existing health conditions and therapeu-
tic compliance. Figure A5. Adjusted predictions (with 95% C.I.) of death 
from all causes, age*gender*compliance interaction, at the means of 
deprivation index and pre-existing health conditions. Figure A6. Adjusted 
predictions (with95% C.I.) of death from CVDs, age*gender*compliance 
interaction, at the means of deprivation index and pre-existing health 
conditions.

Acknowledgements
The study has been commissioned by the Guarantee Committee (Comitato 
Unico d Garanzia, CUG) of the ATS of Milan, which promotes equal oppor-
tunities for every person in work and study, through measures to prevent 
and combat all forms of discrimination based on sex and sexual orientation, 
race, ethnic origin, religion, personal and political convictions, conditions of 
disability, age. The authors thank Dr. Viviana Giorgetti for her support in the 
development of the project design.

Authors’ contributions
DC, MEG, and AGR conceptualized the study and developed the study design, 
DC performed statistical analysis and wrote the manuscript. All authors dis-
cussed the results, read and approved the final manuscript.

Authors’ information
David Consolazio is a postdoc researcher at the Department of Sociology 
and Social Research ofthe University of Milan-Bicocca, with a scholarship 
funded by the Agency forHealth Protection of Milan, where he carries out 
research in the EpidemiologyUnit. He obtained a PhD in Urban Studies in 
2020, with a socio-epidemiologicalresearch on Type 2 Diabetes Mellitus’ social 
and territorial inequalities inthe city of Milan. Maria Elena Gattoni is a medi-
calmanager in the Epidemiology Unit of the Agency for Health Protection of 
Milan,where she is in charge of the Integration of Health and Social-Health 
SystemsUnit. She obtained a Master’s Degree in Psychology in 2004, a MD 
in 2011, and aspecialization in Public Health in 2016. Antonio Giampiero 
Russo is head ofthe Epidemiology Unit and Director of Cancer Registry of 
the Agency for HealthProtection of Milan. He obtained a MD in 1988, a PhD 
in Medical Statistic in1992, and a PhD in Medical Genetics in 2004. He has had 
extensive workexperience in population-based epidemiologic investigation 
and has conductednumerous epidemiologic and clinical research projects, 
addressing variousissues especially in cancer research, from etiology to detec-
tion, and prognosisto treatment. 

Funding
The authors received no financial support for the research, authorship, and/or 
publication of this article.

https://doi.org/10.1186/s12889-022-13052-9
https://doi.org/10.1186/s12889-022-13052-9


Page 10 of 11Consolazio et al. BMC Public Health          (2022) 22:768 

Availability of data and materials
The dataset generated and analysed during the current study is not publicly 
available due to privacy concerns, as it originates from administrative health-
care databases, which are subject to privacy restrictions.

Declarations

Ethics approval and consent to participate
Ethical approval and consent to participate were not required, as this is an 
observational study based on data routinely collected by the ATS of Milan, a 
public body of the Regional Health Service – Lombardy Region. The ATS has 
among its institutional functions, established by the Lombardy Region legisla-
tion (R.L. 23/2015), the government of the care pathway at the individual level 
in the regional social and health care system, the evaluation of the services 
provided to, and the outcomes of, patients residing in the covered area. This 
study is also ethically compliant with the National Law (D.Lgs. 101/2018) and 
the “General Authorisation to Process Personal Data for Scientific Research 
Purposes” (nos. 8 and 9 of 2016, referred to in the Data Protection Authority 
action of December 13, 2018). Data were anonymized with a unique identifier 
in the different datasets before being used for the analyses.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Epidemiology Unit, Agency for Health Protection of the Metropolitan City 
of Milan, Milan, MI, Italy. 2 Department of Sociology and Social Research, Uni-
versity of Milan-Bicocca, Milan, MI, Italy. 

Received: 2 July 2021   Accepted: 22 March 2022

References
 1. Lackland DT, Weber MA. Global Burden of Cardiovascular Disease and 

Stroke: Hypertension at the Core. Can J Cardiol. 2015;31:569–71.
 2. Franco OH, Peeters A, Bonneux L, de Laet C. Blood Pressure in Adulthood 

and Life Expectancy With Cardiovascular Disease in Men and Women: Life 
Course Analysis. Hypertension. 2005;46:280–6.

 3. Grotto I, Huerta M, Sharabi Y. Hypertension and socioeconomic status. 
Curr Opin Cardiol. 2008;23:335–9.

 4. Leng B, Jin Y, Li G, Chen L, Jin N. Socioeconomic status and hypertension: 
a meta-analysis. J Hypertens. 2015;33:221–9.

 5. Veenstra G. Race, gender, class, sexuality (RGCS) and hypertension. Soc 
Sci Med. 2013;89:16–24.

 6. Palafox B, McKee M, Balabanova D, AlHabib KF, Avezum AJ, Bahonar 
A, et al. Wealth and cardiovascular health: a cross-sectional study of 
wealth-related inequalities in the awareness, treatment and control of 
hypertension in high-, middle- and low-income countries. Int J Equity 
Health. 2016;15:199.

 7. Shahu A, Herrin J, Dhruva SS, Desai NR, Davis BR, Krumholz HM, et al. 
Disparities in Socioeconomic Context and Association With Blood Pres-
sure Control and Cardiovascular Outcomes in ALLHAT. J Am Heart Assoc. 
2019;8:e012277.

 8. Sivén SS, Niiranen TJ, Aromaa A, Koskinen S, Jula AM. Social, lifestyle and 
demographic inequalities in hypertension care. Scand J Public Health. 
2015;43:246–53.

 9. Daugherty SL, Masoudi FA, Ellis JL, Ho PM, Schmittdiel JA, Tavel HM, et al. 
Age-dependent gender differences in hypertension management. J 
Hypertens. 2011;29:1005–11.

 10. Di Giosia P, Giorgini P, Stamerra CA, Petrarca M, Ferri C, Sahebkar A. 
Gender Differences in Epidemiology, Pathophysiology, and Treatment of 
Hypertension. Curr Atheroscler Rep. 2018;20:13.

 11. Doumas M, Papademetriou V, Faselis C, Kokkinos P. Gender differences in 
hypertension: myths and reality. Curr Hypertens Rep. 2013;15:321–30.

 12. Everett B, Zajacova A. Gender differences in hypertension and hyper-
tension awareness among young adults. Biodemography Soc Biol. 
2015;61:1–17.

 13. Song J-J, Ma Z, Wang J, Chen L-X, Zhong J-C. Gender Differences in 
Hypertension. J Cardiovasc Transl Res. 2020;13:47–54.

 14. Sandberg K, Ji H. Sex differences in primary hypertension. Biol sex dif. 
2012;3:7.

 15. Coylewright M, Reckelhoff JF, Ouyang P. Menopause and hypertension: 
an age-old debate. Hypertension. 2008;51:952–9.

 16. Zhang J, Zhu J, Wei J, Jiang S, Xu L, Qu L, et al. New Mechanism for 
the Sex Differences in Salt-Sensitive Hypertension: The Role of Macula 
Densa NOS1β-Mediated Tubuloglomerular Feedback. Hypertension. 
2020;75:449–57.

 17. Safar ME, Smulyan H. Hypertension in women. Am J Hypertens. 
2004;17:82–7.

 18. Courtenay WH. Constructions of masculinity and their influence 
on men’s well-being: a theory of gender and health. Soc Sci Med. 
2000;50:1385–401.

 19. Oncini F, Guetto R. Cultural capital and gender differences in health 
behaviours: a study on eating, smoking and drinking patterns. Health 
Sociol Rev. 2018;27:15–30.

 20. Ciambrone G, Kaski JC. The importance of gender differences in the 
diagnosis and management of cardiovascular disease. Curr Pharm Des. 
2011;17:1079–81.

 21. IHME - Institute for Health Metrics and Evaluation. GBD Compare - Viz 
Hub. 2019.

 22. Miller GC, Britt H. A new drug classification for computer systems: the 
ATC extension code. Int J Biomed Comput. 1995;40:121–4.

 23. Wertheimer AI. The defined daily dose system (DDD) for drug utiliza-
tion review. Hosp Pharm. 1986;21:233–4 (239–41, 258).

 24. Haynes RB, Taylor DW, Sackett DL, Gibson ES, Bernholz CD, Mukherjee 
J. Can simple clinical measurements detect patient noncompliance? 
Hypertension. 1980;2:757–64.

 25. ISTAT. 15° Censimento della popolazione e delle abitazioni 2011. 2011.
 26. Rosano A, Pacelli B, Zengarini N, Costa G, Cislaghi C. Caranci N [Update 

and review of the 2011 Italian deprivation index calculated at the 
census section level]. Epidemiol Prev. 2020;44:162–70.

 27. Caranci N, Biggeri A, Grisotto L, Pacelli B, Spadea T, Costa G. L’indice di 
deprivazione italiano a livello di sezione di censimento: definizione, 
descrizione e associazione con la mortalità. Epidemiologia & Prevenzi-
one. 2010;34:167–76.

 28. Costa G, Caranci N. Un indice di deprivazione a livello aggregato da 
utilizzare su scala nazionale: giustificazioni e composizione. SALUTE E 
SOCIETÀ. 2009;1:58–78.

 29. World Health Organization. Integrating gender perspectives in the 
work of WHO: WHO gender policy. Geneve: World Health Organization; 
2002.

 30. Whitehead M. The concepts and principles of equity and health. Int J 
Health Serv. 1992;22:429–45.

 31. Christensen AV, Koch MB, Davidsen M, Jensen GB, Andersen LV, Juel K. 
Educational inequality in cardiovascular disease depends on diagnosis: 
A nationwide register based study from Denmark. Eur J Prev Cardiol. 
2016;23:826–33.

 32. Veenstra G. The Gendered Nature of Discriminatory Experiences 
by Race, Class, and Sexuality: A Comparison of Intersectionality 
Theory and the Subordinate Male Target Hypothesis. Sex Roles. 
2013;68:646–59.

 33. Veenstra G. Race, gender, class, and sexual orientation: intersecting 
axes of inequality and self-rated health in Canada. Int J Equity Health. 
2011;10:3.

 34. Bambra C, Pope D, Swami V, Stanistreet D, Roskam A, Kunst A, et al. 
Gender, health inequalities and welfare state regimes: a cross-national 
study of 13 European countries. J Epidemiol Community Health. 
2009;63:38–44.

 35. Neufcourt L, Deguen S, Bayat S, Zins M, Grimaud O. Gender differences 
in the association between socioeconomic status and hypertension in 
France: A cross-sectional analysis of the CONSTANCES cohort. PLoS ONE. 
2020;15:e0231878.

 36. Barrett-Connor E. Sex differences in coronary heart disease. Why 
are women so superior. The 1995 Ancel Keys Lecture. Circulation. 
1997;95:252–64.



Page 11 of 11Consolazio et al. BMC Public Health          (2022) 22:768  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

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

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

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

 37. Schulman IH, Aranda P, Raij L, Veronesi M, Aranda FJ, Martin R. Surgical 
menopause increases salt sensitivity of blood pressure. Hypertension. 
2006;47:1168–74.

 38. Wallentin F, Wettermark B, Kahan T. Drug treatment of hypertension in 
Sweden in relation to sex, age, and comorbidity. J Clin Hypertens (Green-
wich). 2018;20:106–14.

 39. Grigoryan L, Pavlik VN, Hyman DJ. Predictors of antihypertensive medica-
tion adherence in two urban health-care systems. Am J Hypertens. 
2012;25:735–8.

 40. Granger BB, Ekman I, Granger CB, Ostergren J, Olofsson B, Michelson E, 
et al. Adherence to medication according to sex and age in the CHARM 
programme. Eur J Heart Fail. 2009;11:1092–8.

 41. Humphries KH, Izadnegahdar M, Sedlak T, Saw J, Johnston N, Schenck-
Gustafsson K, et al. Sex differences in cardiovascular disease – Impact on 
care and outcomes. Front Neuroendocrinol. 2017;46:46–70.

 42. Hyun KK, Redfern J, Patel A, Peiris D, Brieger D, Sullivan D, et al. Gender 
inequalities in cardiovascular risk factor assessment and management in 
primary healthcare. Heart. 2017;103:492–8.

 43. Zhao M, Vaartjes I, Graham I, Grobbee D, Spiering W, Klipstein-Grobusch 
K, et al. Sex differences in risk factor management of coronary heart 
disease across three regions. Heart. 2017;103:1587–94.

 44. Gu Q, Burt VL, Paulose-Ram R, Dillon CF. Gender differences in hyper-
tension treatment, drug utilization patterns, and blood pressure 
control among US adults with hypertension: data from the National 
Health and Nutrition Examination Survey 1999–2004. Am J Hypertens. 
2008;21:789–98.

 45. Klungel OH, de Boer A, Paes AH, Seidell JC, Bakker A. Sex differences in 
the pharmacological treatment of hypertension: a review of population-
based studies. J Hypertens. 1997;15:591–600.

 46. Peters SAE, Muntner P, Woodward M. Sex Differences in the Prevalence of, 
and Trends in, Cardiovascular Risk Factors, Treatment, and Control in the 
United States, 2001 to 2016. Circulation. 2019;139:1025–35.

 47. Santosa A, Zhang Y, Weinehall L, Zhao G, Wang N, Zhao Q, et al. Gender 
differences and determinants of prevalence, awareness, treatment and 
control of hypertension among adults in China and Sweden. BMC Public 
Health. 2020;20:1763.

 48. Das Gupta R, Shabab Haider S, Sutradhar I, Hasan M, Joshi H, Rifat Haider 
M, et al. Gender differences in hypertension awareness, antihyperten-
sive use and blood pressure control in Nepalese adults: findings from a 
nationwide cross-sectional survey. J Biosoc Sci. 2020;52:412–38.

 49. Li W-W, Wallhagen MI, Froelicher ES. Hypertension control, predictors for 
medication adherence and gender differences in older Chinese immi-
grants. J Adv Nurs. 2008;61:326–35.

 50. Rahman M, Williams G, Al MA. Gender differences in hypertension aware-
ness, antihypertensive use and blood pressure control in Bangladeshi 
adults: findings from a national cross-sectional survey. J Health Popul 
Nutr. 2017;36:23.

 51. Burnier M, Egan BM. Adherence in Hypertension. Circ Res. 
2019;124:1124–40.

 52. Gast A, Mathes T. Medication adherence influencing factors-an (updated) 
overview of systematic reviews. Syst Rev. 2019;8:112.

 53. Goldman DP, Smith JP. Can patient self-management help explain the SES 
health gradient? Proc Natl Acad Sci U S A. 2002;99:10929–34.

 54. Mathes T, Jaschinski T, Pieper D. Adherence influencing factors - a system-
atic review of systematic reviews. Arch Public Health. 2014;72:37.

 55. Schwartz S. The fallacy of the ecological fallacy: the potential misuse of a 
concept and the consequences. Am J Public Health. 1994;84:819–24.

 56. Bryere J, Pornet C, Copin N, Launay L, Gusto G, Grosclaude P, et al. Assess-
ment of the ecological bias of seven aggregate social deprivation indices. 
BMC Public Health. 2017;17:86.

 57. Ghirimoldi FM, Schmidt S, Simon RC, Wang C-P, Wang Z, Brimhall BB, 
et al. Association of Socioeconomic Area Deprivation Index with Hospital 
Readmissions After Colon and Rectal Surgery. J Gastrointest Surg. 
2021;25:795–808.

 58. Knighton AJ, Savitz L, Belnap T, Stephenson B, VanDerslice J. Introduction 
of an Area Deprivation Index Measuring Patient Socioeconomic Status in 
an Integrated Health System: Implications for Population Health. EGEMS 
(Wash DC). 2016;4:1238.

 59. Baumgartner PC, Haynes RB, Hersberger KE, Arnet I. A Systematic Review 
of Medication Adherence Thresholds Dependent of Clinical Outcomes. 
Front Pharmacol. 2018;9:1290.

 60. Burnier M. Drug adherence in hypertension. Pharmacol Res. 2017;125 Pt 
B:142–9.

 61. Burnier M. Is There a Threshold for Medication Adherence? Lessons 
Learnt From Electronic Monitoring of Drug Adherence. Front Pharmacol. 
2018;9:1540.

 62. Gellad WF, Thorpe CT, Steiner JF, Voils CI. The myths of medication adher-
ence. Pharmacoepidemiol Drug Saf. 2017;26:1437–41.

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


	Exploring gender differences in medication consumption and mortality in a cohort of hypertensive patients in Northern Italy
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study Population
	Measures
	Statistical Analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


