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Cardiovascular diseases, cancers, hypertension, and 
diabetes, along with key risk factors such as poor diet, 
physical inactivity, smoking, and alcohol use, are lead-
ing contributors to this burden [4]. Their prevalence is 
linked to modernization, urbanization, lifestyle changes, 
and unhealthy dietary habits [5]. In a 10-year CVD risk 
study in Malaysia using the GLOBORISK model, Nawi et 
al. found the northern region had the highest risk due to 
elevated rates of diabetes, hypertension, hypercholester-
olemia, and smoking [6].

In a 10-year CVD risk study in Malaysia using the 
GLOBORISK model, Nawi et al. found the northern 
region had the highest risk due to elevated rates of dia-
betes, hypertension, hypercholesterolemia, and smoking 
[7, 8]. n Iran, disease patterns have shifted from infec-
tious to non-infectious diseases, influenced by improved 
health conditions, socio-economic changes, and 
unplanned urbanization [9], Meanwhile, the emergence 

Introduction
The twentieth century marked an epidemiological shift 
from communicable to non-communicable diseases [1, 
2]. Today, non-communicable diseases are a major cause 
of global mortality [3]. accounting for approximately 
71% of all deaths worldwide—over 41  million annually. 
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Abstract
Objective  Morbidity and mortality caused by cardiovascular and cerebrovascular diseases are increasing worldwide. 
This study aimed to analyze the factors affecting the risk assessment of cardiovascular and cerebrovascular diseases 
before COVID-19 and during the COVID-19 transition phase.

Results  Among 132,305 individuals (mean age: 50.11 ± 12.21 years), 65.84% were women. Regression analysis 
indicated that age, overweight, smoking, diabetes, hypertension, and high cholesterol significantly increased 10-year 
cardiovascular disease risk (p < 0.001). No significant trend in risk levels was found between pre-COVID-19 and COVID-
19 transition periods (p = 0.063). Given the impact of these factors, national-level planning, appropriate policies, and 
intersectoral coordination are essential to reduce cardiovascular and cerebrovascular risk.
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of COVID-19 in late 2019 quickly spread worldwide [10]. 
In response, healthcare resources were redirected to con-
trol transmission, resulting in a halt in follow-up care for 
stable patients with diabetes and hypertension [11].

Several studies have addressed NCD surveillance dur-
ing COVID-19. Akrami et al. highlighted service disrup-
tions and recommended revising COVID-19 guidelines 
to prioritize NCD prevention. Similarly, Afkar et al. 
showed the pandemic significantly impacted NCD man-
agement in Iran’s primary care system [12]. Wattanapisit 
et al. also reported changes in patients’ self-care prac-
tices [13]. Many patients lost access to routine care, and 
healthcare worker surveys confirmed a decline in clinic 
visits for NCDs [14–16]. Dehghani et al. found a signifi-
cant drop in hypertension and diabetes patient visits dur-
ing the year following the outbreak [17]. Al-Qudimat et 
al. emphasized the pandemic’s role in advancing telemed-
icine and virtual care to improve education and reduce 
exposure risk [18].

Risk assessment is a practical solution for prevent-
ing and controlling cardiovascular and cerebrovascular 
risk factors. It estimates the 10-year probability of such 
events [19]; sing models like Framingham, ACC, SCORE, 
ASSIGN, Q RISK, and GLOBORISK [20]. In Iran, the 
WHO/ISH risk chart for the Eastern Mediterranean 
Region B is applied [21]. Given the emergence of COVID-
19, the growing burden of NCDs, and the limited data in 
this field, this study aimed to analyze cardiovascular and 
cerebrovascular disease risk assessment before and after 
COVID-19 in Golestan province.

Materials and methods
This study is a cross-sectional (descriptive-analytical) 
study approved by the Ethics Committee of Azad Univer-
sity, Sari Branch, under no. IR.IAU.SARI.REC.1401.123. 
After obtaining the required permissions, we introduced 
the researchers to Gorgan University of Medical Sci-
ences. The study population included 132,305 individuals 
from five cities in Golestan Province (Aqqala, Ramiyan, 
Gorgan, Gomishan, and Gonbad-e Kavus) whose risk 
assessment data were recorded in the NAB health infor-
mation system between 2019 and 2023.

Sampling grouped cities into three regions (east, west, 
center):

 	• West: Gomishan and Aqqala (selected via lottery).
 	• East: Ramiyan and Gonbad-e Kavus.
 	• Center: Gorgan.

Data for individuals aged ≥ 30 years were extracted from 
NAB, focusing on inclusion criteria: risk assessment 
during 2019–2023, age ≥ 30, and ≥ 1 risk factor (diabe-
tes, hypertension, waist circumference ≥ 91  cm, age > 41, 
smoking, alcohol use, family history of diabetes/kidney 

disease, or early cardiovascular events). A checklist was 
used to gather the relevant data on these variables, which 
was designed by the researchers. Exclusion criteria: con-
firmed cardiovascular disease, prior heart attack/stroke, 
or incomplete data.

The 10-year risk of fatal or non-fatal heart and cere-
bral strokes was calculated using the cardiovascular 
risk chart, based on diabetes status, sex, smoking, age, 
systolic blood pressure (mmHg), and total cholesterol. 
Participants were stratified into four risk groups: <10% 
(low/green), 10–20% (moderate/yellow), 20–30% (high/
orange), and ≥ 30% (very high/red). A risk below 10% 
indicates a less than 10% probability of heart attack or 
stroke in the next decade, while higher-risk individuals 
were referred for further evaluation and treatment [21].

For analysis, the four-category risk variable was dichot-
omized for simplicity into “no risk” (< 10%) and “at risk” 
(> 10%) to facilitate interpretation.

Data were analyzed in SPSS20 using descriptive statis-
tics (mean ± SD, frequencies) and regression models (uni-
variate/multivariate) to identify predictors of risk. The 
Armitage trend test assessed temporal changes in risk 
distribution, with significance set at p ≤ 0.05.

Result
Out of 132,305 individuals assessed between 2019 
and 2023, the highest numbers were recorded in 2022 
(50,644; 38.28%) and 2023 (42,778; 32.33%). The mean 
age was 50.11 ± 12.21 years. In terms of risk level, 
124,812 (94.33%) had < 10% risk, while 5,451 (4.12%), 
1,080 (0.82%), and 962 (0.73%) had risk levels of 10–19%, 
20–29%, and ≥ 30%, respectively.

Among participants, 87,103 (65.84%) were women, 
87,164 (65.88%) lived in rural areas, and 114,873 (86.82%) 
were married. A total of 5,164 (3.9%) reported smoking 
(Table 1).

A history of diabetes, high blood pressure, and car-
diovascular diseases was present in 16,520 (12.49%), 
25,442 (19.23%), and 517 (0.39%) individuals, respec-
tively. Based on BMI, 49,116 (37.12%) were overweight. 
During risk assessment, 6,241 (4.72%) had first-stage 
and 1,368 (1.03%) had second-stage hypertension. Mean 
systolic and diastolic pressures were 115.05 ± 13.23 and 
69.96 ± 9.02 mm Hg, respectively. A total of 6,789 (5.13%) 
individuals had high blood cholesterol (Table 2).

Using univariate regression, it was found that the risk 
of cardiovascular and cerebrovascular diseases increased 
by 1.11 times per year of age, and male gender increased 
the risk by 1.06 times compared to females. Interestingly, 
overweight and obesity were associated with a lower risk 
(OR = 0.89) over ten years.

In multivariable regression, significant odds ratios were 
observed for: age (1.10), urban residence (1.39), smok-
ing (4.42), hypertension (1.75), diabetes (4.41), and high 
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cholesterol (1.83) (p < 0.001). No significant associations 
were found for gender, BMI, or waist circumference.

The risk trend from 2019 to 2023 showed that the 
10–19% risk group was 10.28% in 2019, then remained 
almost stable, fluctuating between 3.5% and 3.37%. 
The 20–29% risk level was 3.23% in 2019, decreasing 

to 0.40–0.45% by 2023. Similarly, the ≥ 30% risk group 
declined from 5.43% in 2019 to 3.37% in 2023. However, 
according to the Cochran-Armitage Trend Test, none of 
these changes were statistically significant (p = 0.063).

Table 1  Demographic information of risk-assessed people in selected cities of Golestan Province during 2019–2023
Variable Sub-groups Frequency Frequency Percentage Cumulative percentage Mean (SD) Min Max
Gender Female 87,103 65.84 65.84 - - -

Male 45.202 34.16 100
Age group 30–45 55,328 41.82 41.82 50.11 ± 12.21 30 99

46–60 45,863 34.66 76.48
61–75 28,567 21.59 98.07
> 75 2547 1.93 100

Residence Rural 87,164 65.88 65.88 - - -
Urban 45,141 34.12 100

Marital status Single 3886 2.94 2.94 - - -
Married 114,873 86.82 89.76
Divorced/Separated 2102 1.59 91.35
Widowed 11,444 8.65 100

Smoking status Smoker 5164 3.90 3.90 - - -
Not smoker 127,141 96.10 100

Table 2  Medical and paraclinical information of risk-assessed people in selected cities of Golestan Province during 2019–2023
Variable Sub-groups Frequency Frequency percentage Mean (SD) Min Max
Waist circumference (Cm) < 90 45,986 34.76 94.26 ± 11.06 71 143

≥ 90 86,319 65.24
BMI Underweight < 18.5 4319 3.26

Normal (18.5–24.9) 34,074 25.75
Overweight (25-29.9) 49,116 37.12
Obesity I (30-34.9) 31,520 23.82
Obesity II (35-39.9) 10,908 8.24
Obesity III (≥ 40) 2368 1.79

Diabetes Yes 16,520 12.49 106.08 ± 40.41 52 506
No 115,785 87.51

Hypertension Yes 25,442 19.23 - - -
No 106,863 80.77

Cardiovascular disease Yes 517 0.39 - - -
No 131,788 99.61

Systolic blood pressure (mmHg) Normal (< 120) 76,669 56.44 115.05 ± 23.13 60 250
Pre-HTN (120–139) 50,027 37.81
Stage I HTN (140–159) 6241 4.72
Stage II HTN (≥ 160) 1368 1.03

Diastolic blood pressure (mmHg) Normal (< 80) 97,179 73.45 69.96 ± 9.02 35 150
Pre-HTN (80–89) 30,433 23.00
Stage I HTN (90–99) 3537 2.67
Stage II HTN (≥ 100) 1156 0.87

Cholesterol level Normal (< 200) 106,854 80.76 167.91 ± 50.17 41 680
Intermediate (200–239) 18,662 14.11
High (≥ 240) 6789 5.13

History of DM in first-degree relatives Yes 3213 2.43 - -
No 129,092 97.57

History of CVD in first-degree relatives Yes 2951 2.23 - -
No 129.354 97.77
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Discussion
The study identified age, urbanization, smoking, hyper-
tension, diabetes, and high cholesterol as significant 
predictors of 10-year cardiovascular/cerebrovascular 
risk. Conversely, gender, BMI, and waist circumference 

showed no significant association. No temporal trend in 
risk levels was observed between 2019 and 2023 (pre- 
and post-COVID-19 transition period).

Concerning determining the risk level based on the 
age of the risk-assessed people, the results of the study 
showed that for every one year of age increase, the 
chance of cardiovascular and cerebrovascular diseases 
increases 1.10 times, in a study that Kjeldsen and col-
leagues [22] have done, age above 55 years for men and 
above 65 years for women is associated with a higher risk 
of cardiovascular diseases, and in the study of Wang et 
al. [23] it was also shown that the risk of cardiovascular 
diseases increase with increasing age in people with high 
blood pressure. It was also shown in the study of Elmiladi 
et al. [24] that increasing age in diabetic patients is asso-
ciated with an increase in the occurrence of cardiovascu-
lar diseases. In line with the results of the present study, 
it was shown in the study of Jahani et al. [21] that age is 
a predictor of the risk level of cardiovascular diseases. 
After adjusting the effect of other variables, for every 
one year of age increase, the risk of cardiovascular and 
cerebrovascular diseases increases 1.15 times. Although 
aging is one of the unmodifiable factors of cardiovascular 
and cerebrovascular diseases, primary healthcare provid-
ers can postpone and decrease these events by necessary 
interventions such as education on healthy diet, smoking 
cessation, and adequate physical activity.

The results of the study showed that there was no sig-
nificant relationship between gender and risk of cardio-
vascular and cerebrovascular diseases. In the study by 
Booth et al. [25], it was shown that the risk of cardio-
vascular diseases in men with diabetes (HR = 1.22) is 
higher than in women; in the study by Aalst et al. [26], 
men compared with women were at a higher risk level 
for cardiovascular disease. Kjeldsen et al. [22] observed 
that the male gender is one of the important factors in 
the occurrence of cardiovascular diseases. The dispar-
ity with the present study may be due to the difference 
between the two studied populations. In Kjeldsen’s study, 
it was shown that the average age of the participants in 
the study was much lower than the average in the present 
study. However, the study of Elmiladi et al. [24] showed 
that gender is not a determining factor for the occurrence 
of cardiovascular diseases. In another study conducted 
by Nakhaie et al. [27], it was shown that the male gender 
had been associated with a higher risk of cardiovascular 
events in the next 10 years, while Darabi et al.‘s study [28] 
showed that 38.3% of men and 61.72% of women were 
at a risk level of 10–20% and 34.8% of men and 65.2% of 
women were at a risk level of 20–30%, 28.9% of men and 
71.1% of women were at a risk level above 30%, showing 
that women are at a higher risk level than men. It seems 
that these contradictions are due to the region’s lifestyle 
and the culture of the studied population.

Table 3  Risk factors of ten-year cardiovascular diseases in 
risk-assessed people of selected cities during 2019–2023 using 
logistic regression
Variable Number Univariate analysis Multivariate 

analysis
OR 
(95%CI)

P-value OR 
(95%CI)

P-
value

Age 132,305 1.11(1.10–
1.11)

< 0.001 1.10(1.9–
1.10)

< 0.001

Gender
Female 87,103 reference
Male 45,202 1.06(1.01–

1.11)
0.011 1.00(0.95–

1.06)
0.787

BMI
Under-
weight 
and 
normal

4139 reference

Over-
weight 
and 
obesity

128,166 0.89(0.87–
0.91)

< 0.001 0.97(0.90–
1.06)

0.227

Residence
Rural 87,164 reference
Urban 45,141 1.29(1.23–

1.36)
< 0.001 1.39(1.32–

1.46)
< 0.001

Smoking
No 127,141 reference
Yes 5164 3.00(2.77–

3.26)
< 0.001 4.42(4.20–

4.86)
< 0.001

Hyperten-
sion
No 106,863 reference
Yes 25,442 5.60(5.34–

5.87)
< 0.001 1.75(1.65–

1.85)
< 0.001

Diabetes
No 115,785 reference
Yes 16,520 7.80(7.43–

8.19)
< 0.001 4.41(4.17–

4.66)
< 0.001

High 
cholesterol
Normal 106,854 reference
Interme-
diate/
high

25,451 1.86(1.80–
1.93)

0.001 1.83(1.76–
1.90)

< 0.001

Waist 
Circumfer-
ence
Less than 
90 cm

45,986 reference

90 cm and 
higher

86,319 0.92(0.87–
0.96)

0.001 0.95(0.89-
1.00)

0.100
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In terms of determining the level of risk in risk-
assessed people based on body mass index, the findings 
of the study showed that body mass index did not affect 
the occurrence of cardiovascular and cerebrovascular 
diseases. In Wang’s study [29], it was shown that people 
with high blood pressure, overweight, and obesity have 
1.3 and 1.51 times the risk of cardiovascular disease, 
respectively; The differences may arise from variations 
in sample population characteristics, study settings, and 
methodologies. For instance, our study population pre-
dominantly consisted of individuals from rural areas 
with limited healthcare access, potentially influencing 
outcomes. The inverse association between BMI and 
cardiovascular/cerebrovascular disease risk observed in 
univariate analysis may be explained by the phenomenon 
known as the ‘obesity paradox’ [30, 31]. While elevated 
BMI is a well-known risk factor for cardiovascular dis-
ease, several studies have reported that overweight or 
mildly obese individuals may exhibit lower mortality or 
morbidity under certain clinical conditions. This para-
dox has been attributed to factors such as reverse causa-
tion, measurement limitations of BMI, and unmeasured 
confounding.

About the effect of the cholesterol level on cardiovas-
cular and cerebral disease risk, it was observed that peo-
ple with high cholesterol were 1.83 times more at risk. 
Abdelhafez et al. [32] showed that a higher-than-normal 
level of cholesterol in patients with diabetes increases 
the risk of death from cardiovascular diseases compared 

to non-diabetic people. Perhaps the apparent reason 
for the increased risk in Stemler’s study is that the risk-
assessed people had diabetes, which can increase the risk 
of cardiovascular disease. Franklin et al. [33] also con-
cluded that the risk of cardiovascular diseases increases 
in hypertensive patients with increased cholesterol levels. 
Also, in the study of Jahani et al. [21], they concluded that 
high cholesterol increases the risk of cardiovascular and 
cerebrovascular diseases 7.37 times compared to healthy 
people in terms of cholesterol levels. Although it was in 
line with the results of the present study, it had a Stron-
ger association than ours. In the study of Hansen et al. 
[34], high blood cholesterol had a statistically significant 
relationship with the increased risk of heart attack at a 
younger age.

In relation to the status of smoking and its effect on 
the incidence of cardiovascular and cerebrovascular dis-
eases, it was shown that the odds ratio for smokers was 
4.42 times. In the study of Usman et al. [35], it was also 
shown that the risk of heart attack increases 4 times in 
men and 6 times in women compared to non-smokers. 
Also, Qin et al. [36], in a meta-analysis study, showed 
that in patients with diabetes, the relative risk of smokers 
compared to non-smokers for death from cardiovascular 
diseases is 1.36. For the occurrence of events related to 
coronary artery diseases, it is 1.54; for the occurrence of 
stroke, it is 1.44; and for Myocardial infarction, it is 1.52.

The study of Derakhshan et al. [37] showed that 8.7% 
of smokers had a CVD risk of 10% or higher; since the 

Chart 1  The trend chart of the risk levels of cardiovascular diseases in the next ten years in risk-assessed people during the years 2019–2023
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target index in this study was not an odds ratio, it cannot 
be judged whether this risk percentage was significant.

The COVID-19 transition period in our study refers to 
the phase from mid-2021 to late 2022, marked by declin-
ing case numbers and the easing of restrictions. Our 
analysis showed no significant trend in risk assessment 
levels from 2019 to 2023, with no difference between 
the pre-pandemic and transition periods. This contrasts 
with Isfahani et al. [11], who found that during the pan-
demic, most non-communicable disease services were 
suspended, and care shifted to phone consultations. 
The difference may be due to our study comparing pre-
pandemic data with COVID-19 transition data, while 
Isfahani et al. focused on a specific part of that period. 
Similarly, Finney et al. [38] reported a 30% decrease in 
non-communicable disease care in England compared to 
the pre-pandemic period, with hypertension care drop-
ping by 22% in the first year of the pandemic. Their study, 
however, only compared data from one year before and 
one year after the pandemic, excluding the transition 
years.

Study limitations
One limitation of this study is that the risk assessment 
program began in early 2019, so no prior data exist to 
evaluate earlier trends. Additionally, diet and physical 
activity, two key factors in preventing cardiovascular 
diseases, were not included in the program, thus their 
effects could not be assessed.

Conclusion
The study found no significant trend in the risk lev-
els of non-communicable diseases before and during 
the COVID-19 transition years. It also highlighted the 
impact of various risk factors on cardiovascular disease 
risk assessment. Despite this, the risk assessment pro-
gram alone has not been effective in reducing cardiovas-
cular disease risk factors. To address this, more precise 
national planning and improved policies, along with bet-
ter coordination among health institutions and the use 
of appropriate technology, are necessary to reduce the 
occurrence and spread of cardiovascular and cerebrovas-
cular disease risk factors.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​1​0​4​-​0​2​5​-​0​7​2​8​3​-​3.

Supplementary Material 1

Acknowledgements
We want to express our gratitude to the Mazandaran University of Medical 
Sciences Department of Research and Technology and the respected officials 
of the Health Department of Golestan University of Medical Sciences for their 
cooperation in providing the study data.

Author contributions
MA.J, S.S, Gh.M and M.Gh were the principal investigators and designed 
the study. M.Gh searched literature. MA.J and S.S supported the interview 
development. S-A.S and A-R.M collected data and prepared data for 
qualitative analyses. MA.J and Gh.M supervised data collection. S-N.H analyzed 
data. S-A.S and A-R.M drafted the manuscript and both MA.J and Gh.M 
supported drafting the manuscript. All authors have provided comments and 
critical revisions to the manuscript. All authors approved the final manuscript 
prior to submission.

Funding
There was no financial support in the design of the study, data collection, 
analysis and interpretation of the results and writing of this article.

Data availability
The data set is available upon request from the corresponding author.
Ghahraman48@yahoo.com.

Declarations

Ethical approval and consent to participate
The study was approved by the Ethics Committee of Azad University, Sari 
Branch, no. (IR.IAU.SARI.REC.1401.123). the researcher was introduced to 
Gorgan University of Medical Sciences. Informed consent was obtained from 
the participants. Consent to participate was written. This research followed the 
ethical guidelines of the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 15 November 2024 / Accepted: 6 May 2025

References
1.	 Adogu P, Ubajaka C, Emelumadu O, Alutu C. Epidemiologic transition of 

diseases and health-related events in developing countries: a review. Am J 
Med Med Sci. 2015;5(4):150–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​9​2​3​​/​j​​.​a​j​​m​m​s​​.​2​0​1​​5​0​​5​0​4​.​0​2.

2.	 Atiim GA, Elliott SJ. The global epidemiologic transition: noncommunicable 
diseases and emerging health risk of allergic disease in sub-Saharan Africa. 
Health Educ Behav. 2016;43(1suppl):S37–55. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​1​​0​9​0​1​9​8​
1​1​5​6​0​6​9​1​8.

3.	 Soriano JB, Kendrick PJ, Paulson KR, Gupta V, Abrams EM, Adedoyin RA, et al. 
Lancet Respiratory Med. 2020;8(6):585–96. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​S​​2​2​1​3​-​2​6​0​
0​(. Prevalence and attributable health burden of chronic respiratory diseases, 
1990–2017: a systematic analysis for the Global Burden of Disease Study 
2017.

4.	 Organization WH. The impact of the COVID-19 pandemic on noncommu-
nicable disease resources and services: results of a rapid assessment. 2020.
Available at: ​h​t​t​p​​s​:​/​​/​i​r​i​​s​.​​w​h​o​​.​i​n​​t​/​b​i​​t​s​​t​r​e​​a​m​/​​h​a​n​d​​l​e​​/​1​0​​6​6​5​​/​3​3​4​​1​3​​6​/​9​​7​8​9​​2​4​0​0​​1​
0​​2​9​1​-​e​n​g​.​p​d​f

5.	 Khademi N, Gooya M, Izade B, Mansory F, Laghai Z. Decreasing risk factors of 
non-communicable diseases among health workers of Kermanshah univer-
sity of medical sciences (2008–2010). Hakim J. 2013;15(4):330–8. (In persian). ​
h​t​t​p​​:​/​/​​h​a​k​i​​m​.​​t​u​m​​s​.​a​​c​.​i​r​​/​a​​r​t​i​​c​l​e​​-​1​-​1​​0​8​​0​-​e​n​.​h​t​m​l.

6.	 Che Nawi CMNH, Omar MA, Keegan T, Yu Y-P, Musa KI. The ten-year risk 
prediction for cardiovascular disease for Malaysian adults using the 
Laboratory-Based and Office-Based (Globorisk) prediction model. Medicina. 
2022;58(5):656. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​m​​e​d​i​c​i​n​a​5​8​0​5​0​6​5​6.

7.	 Molyneux DH, Dean L, Adekeye O, Stothard JR, Theobald S. The changing 
global landscape of health and disease: addressing challenges and opportu-
nities for sustaining progress towards control and elimination of neglected 
tropical diseases (NTDs). Parasitology. 2018;145(13):1647–54. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​1​0​1​7​​/​S​​0​0​3​1​1​8​2​0​1​8​0​0​0​0​6​9.

8.	 Gowshall M, Taylor-Robinson SD. The increasing prevalence of non-com-
municable diseases in low-middle income countries: the view from Malawi. 

https://doi.org/10.1186/s13104-025-07283-3
https://doi.org/10.1186/s13104-025-07283-3
https://doi.org/10.5923/j.ajmms.20150504.02
https://doi.org/10.1177/1090198115606918
https://doi.org/10.1177/1090198115606918
https://doi.org/10.1016/S2213-2600(
https://doi.org/10.1016/S2213-2600(
https://iris.who.int/bitstream/handle/10665/334136/9789240010291-eng.pdf
https://iris.who.int/bitstream/handle/10665/334136/9789240010291-eng.pdf
http://hakim.tums.ac.ir/article-1-1080-en.html
http://hakim.tums.ac.ir/article-1-1080-en.html
https://doi.org/10.3390/medicina58050656
https://doi.org/10.1017/S0031182018000069
https://doi.org/10.1017/S0031182018000069


Page 7 of 7Jahani et al. BMC Research Notes          (2025) 18:223 

International journal of general medicine.2018:255– 64. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​
4​7​​/​I​​J​G​M​.​S​I​5​7​9​8​7

9.	 Nasehi MM, Moosazadeh M, Amiresmaeili M, Zakizadeh R, Mirzajani M. 
Prevalence of five main risk factors of non-communicable diseases in 
Mazandaran Province: a population based study. J Mazandaran Univ Med Sci. 
2012;21(86):193–202. (In persian). ​h​t​t​p​​:​/​/​​j​m​u​m​​s​.​​m​a​z​​u​m​s​​.​a​c​.​​i​r​​/​a​r​​t​i​c​​l​e​-​1​​-​8​​8​3​-​e​
n​.​h​t​m​l.

10.	 Ciotti M, Ciccozzi M, Terrinoni A, Jiang W-C, Wang C-B, Bernardini S. The 
COVID-19 pandemic. Crit Rev Clin Lab Sci. 2020;57(6):365–88. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​1​0​8​0​​/​1​​0​4​0​​8​3​6​​3​.​2​0​​2​0​​.​1​7​8​3​1​9​8.

11.	 Akrami F, Riazi-Isfahani S, Mahdavi hezaveh A, Ghanbari Motlagh A, najmi 
M, afkar M, et al. Iran’s status of NCDs prevention and management services 
during COVID-19 pandemic at PHC level. SJKU. 2021;26(5):50–68. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​5​2​5​4​​7​/​​s​j​k​u​.​2​6​.​5​.​5​0. (In persian).

12.	 Afkar M, Asl PR, Hezaveh AM, Akrami F, Riazi-Isfahani S, Peykari N, et al. The 
effect of the COVID-19 pandemic on Non-Communicable disease prevention 
and management services in the primary health care system of Iran. Med J 
Islamic Repub Iran. 2022;36. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​4​7​1​7​​6​/​​m​j​i​r​i​.​3​6​.​1​7​4.

13.	 Wattanapisit A, Sottiyotin T, Thongruch J, Wattanapisit S, Yongpraderm S, 
Kowaseattapon P. Self-Care practices of patients with Non-Communicable 
diseases during the COVID-19 pandemic: A qualitative study. Int J Environ Res 
Public Health. 2022;19(15):9727. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​i​​j​e​r​p​h​1​9​1​5​9​7​2​7.

14.	 Devi R, Goodyear-Smith F, Subramaniam K, McCormack J, Calder A, Parag V, et 
al. The impact of COVID-19 on the care of patients with noncommunicable 
diseases in low-and middle-income countries: an online survey of patient 
perspectives. J Patient Experience. 2021;8:23743735211034091. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​7​7​​/​2​​3​7​4​3​7​3​5​2​1​1​0​3​4​0​9​1.

15.	 Soltani SA, Fallah M, Marvi A, Naderi M, Abedini E, Jahani MA, et al. Per-
formance trend of the family physician referral system before and during 
the COVID-19 pandemic: a study in Northern Iran. BMC Public Health. 
2024;24(1):2142. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​8​9​-​0​2​4​-​1​9​6​4​8​-​7.

16.	 Naderi M, Soltani SA, Rad AT, Mehrbakhsh Z, Sodagar S, Tahamtan A, et al. 
Recurrent viral RNA positivity and candidiasis findings in hospitalized patients 
with COVID-19. Future Microbiol. 2022;17(9):673–82. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​2​1​7​​/​f​​
m​b​-​2​0​2​2​-​0​0​4​1.

17.	 Dehghani Tafti A, Fatehpanah A, Salmani I, Bahrami MA, Tavangar H, Fal-
lahzadeh H, et al. COVID-19 pandemic has disrupted the continuity of care 
for chronic patients: evidence from a cross-sectional retrospective study in a 
developing country. BMC Prim Care. 2023;24(1):137. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​
1​2​8​7​5​-​0​2​3​-​0​2​0​8​6​-​6.

18.	 Al-Qudimat AR, Al Darwish MB, Elaarag M, Al‐Zoubi RM, Rejeb MA, Ojha LK, et 
al. COVID‐19 effect on patients with noncommunicable diseases: A narrative 
review. Health Sci Rep. 2023;6(1):e995. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​h​​s​r​2​.​9​9​5.

19.	 Hadavand Siri F, Khalili D, Hashemi Nazari SS, Ostovar A, Mahdavi A. Adher-
ence to Iran’s package of essential noncommunicable diseases (IraPEN) 
program for regular follow-up to reduce the risk of cardiovascular disease 
in healthcare centers. Iranian Journal of Endocrinology and Metabolism. 
2020;22(2):116– 26.(In persian).

20.	 Sarrafzadegan N, Hassannejad R, Marateb HR, Talaei M, Sadeghi M, 
Roohafza HR, et al. PARS risk charts: A 10-year study of risk assessment 
for cardiovascular diseases in Eastern mediterranean region. PLoS ONE. 
2017;12(12):e0189389. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​3​7​1​​/​j​​o​u​r​​n​a​l​​.​p​o​n​​e​.​​0​1​8​9​3​8​9.

21.	 Jahani M, Barzegar M, Abbasi M, Charati JY, Mahmoodi G. Analysis of the 
results of cardiovascular disease risk assessment program. J Babol Univ Med 
Sci. 2021;23(1):236–43. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​2​0​8​​8​/​​j​b​u​m​s​.​2​3​.​1​.​2​3​6. (In persian).

22.	 Kjeldsen SE. Hypertension and cardiovascular risk: general aspects. Pharma-
col Res. 2018;129:95–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​p​h​r​s​.​2​0​1​7​.​1​1​.​0​0​3.

23.	 Wang C, Yuan Y, Zheng M, Pan A, Wang M, Zhao M, et al. Association of age of 
onset of hypertension with cardiovascular diseases and mortality. J Am Coll 
Cardiol. 2020;75(23):2921–30. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​a​c​c​.​2​0​2​0​.​0​4​.​0​3​8.

24.	 Elmiladi S, Elgdhafi E. Cardiovascular Risk Stratification for Patients with 
Diabetes in Tripoli-Libya (2013–2022). Libyan Medical Journal. 2022:43– 8.
Available at: ​h​t​t​p​​s​:​/​​/​l​m​j​​.​l​​y​/​i​​n​d​e​​x​.​p​h​​p​/​​o​j​s​/​i​n​d​e​x

25.	 Booth GL, Kapral MK, Fung K, Tu JV. Relation between age and cardiovas-
cular disease in men and women with diabetes compared with non-
diabetic people: a population-based retrospective cohort study. Lancet. 
2006;368(9529):29–36. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​S​​0​1​4​0​-​6​7​3​6​(​0​6​)​6​8​9​6​7​-​8.

26.	 van der Aalst CM, Denissen SJ, Vonder M, Gratama JWC, Adriaansen HJ, 
Kuijpers D, et al. Screening for cardiovascular disease risk using traditional risk 
factor assessment or coronary artery calcium scoring: the ROBINSCA trial. Eur 
Heart Journal-Cardiovascular Imaging. 2020;21(11):1216–24. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​1​0​9​3​​/​e​​h​j​c​i​/​j​e​a​a​1​6​8.

27.	 Nakhaie MR, Koor BE, Salehi SO, Karimpour F. Prediction of cardiovascular 
disease risk using Framingham risk score among office workers. Iran 2017 
Saudi J Kidney Dis Transplantation. 2018;29(3):608–14. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​4​1​0​
3​​/​1​​3​1​9​-​2​4​4​2​.​2​3​5​1​7​9.

28.	 Darabi F, Ezatti F, Mohammadhossrini T. Assessing the risk of cardiovascular 
diseases in women and men in the primary health care: A case study in 
ardabil. Iran Payesh (Health Monitor). 2023;22(6):699–708. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​6​
1​1​8​​6​/​​p​a​y​e​s​h​.​2​2​.​6​.​6​9​9. (In persian).

29.	 Wang W, Lee ET, Fabsitz RR, Devereux R, Best L, Welty TK, et al. A longitudinal 
study of hypertension risk factors and their relation to cardiovascular disease: 
the strong heart study. Hypertension. 2006;47(3):403–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​
6​1​​/​0​​1​.​H​​Y​P​.​​0​0​0​0​​2​0​​0​7​1​0​.​2​9​4​9​8​.​8​0.

30.	 Lavie CJ, McAuley, PA, Church TS, et al. Obesity and cardiovascular diseases: 
implications regarding fitness, fatness, and severity in the obesity paradox. J 
Am Coll Cardiol 2014;63(14):1345–54. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​a​c​c​.​2​0​1​4​.​0​1​.​0​
2​2.

31.	 Romero-Corral A, Montori, VM, Somers VK, et al. Association of bodyweight 
with total mortality and with cardiovascular events in coronary artery disease: 
a systematic review of cohort studies. Lancet. 2006;368(9536):666–78. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​S​​0​1​4​0​-​6​7​3​6​(​0​6​)​6​9​2​5​1​-​9.

32.	 Abdelhafez HA, Amer AA. Machine learning techniques for diabetes predic-
tion: A comparative analysis. J Appl Data Sci. 2024;5(2):792–807. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​4​7​7​3​​8​/​​j​a​d​s.

33.	 Franklin SS, Wong ND. Hypertension and cardiovascular disease: contribu-
tions of the Framingham heart study. Global Heart. 2013;8(1):49–57. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​g​h​​e​a​r​​t​.​2​0​​1​2​​.​1​2​.​0​0​4.

34.	 Hansen MK, Mortensen MB, Olesen KKW, Thrane PG, Maeng M. Non-HDL cho-
lesterol and residual risk of cardiovascular events in patients with ischemic 
heart disease and well-controlled LDL cholesterol: a cohort study. Lancet Reg 
Health–Europe. 2024;36. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​l​a​​n​e​p​​e​.​2​0​​2​3​​.​1​0​0​7​7​4.

35.	 Usman NUB, Winson T, Basu Roy P, Tejani VN, Dhillon SS, Damarlapally N, et 
al. The impact of Statin therapy on cardiovascular outcomes in patients with 
diabetes: A systematic review. Cureus. 2023;15(10):e47294. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​
7​7​5​9​​/​c​​u​r​e​u​s​.​4​7​2​9​4.

36.	 Qin R, Chen T, Lou Q, Yu D. Excess risk of mortality and cardiovascular events 
associated with smoking among patients with diabetes: meta-analysis of 
observational prospective studies. Int J Cardiol. 2013;167(2):342–50. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​i​j​​c​a​r​​d​.​2​0​​1​1​​.​1​2​.​1​0​0.

37.	 Derakhshan S, Khalili D, Etemad K, Hashemi Nazari SS, Kavousi A, Hadavand F 
et al. Prevalence of Cardiovascular Risk Factors in Men and Women Referred 
to Health Centers in the Four Cities of the Ira-pen Pilot Program, 2016–2017. 
Iranian Journal of Endocrinology and Metabolism. 2021; 23 (1):9–20. (In 
persian).

38.	 Fenny AP, Otieku E, Owusu Achiaw S, Okoe Boye B, Asenso-Boadi F, Addo-
Cobbiah V, et al. Impact of COVID-19 on the management of hypertension: a 
perspective on disease severity, service use patterns and expenditures from 
Ghana’s health insurance claims data. J Hum Hypertens. 2024;1–9. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​
o​r​​g​​/​​1​0​​.​1​0​​​3​8​​/​s​4​1​​3​7​1​-​​0​2​4​-​0​​0​9​2​4​-​3.

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

https://doi.org/10.2147/IJGM.SI57987
https://doi.org/10.2147/IJGM.SI57987
http://jmums.mazums.ac.ir/article-1-883-en.html
http://jmums.mazums.ac.ir/article-1-883-en.html
https://doi.org/10.1080/10408363.2020.1783198
https://doi.org/10.1080/10408363.2020.1783198
https://doi.org/10.52547/sjku.26.5.50
https://doi.org/10.52547/sjku.26.5.50
https://doi.org/10.47176/mjiri.36.174
https://doi.org/10.3390/ijerph19159727
https://doi.org/10.1177/23743735211034091
https://doi.org/10.1177/23743735211034091
https://doi.org/10.1186/s12889-024-19648-7
https://doi.org/10.2217/fmb-2022-0041
https://doi.org/10.2217/fmb-2022-0041
https://doi.org/10.1186/s12875-023-02086-6
https://doi.org/10.1186/s12875-023-02086-6
https://doi.org/10.1002/hsr2.995
https://doi.org/10.1371/journal.pone.0189389
https://doi.org/10.22088/jbums.23.1.236
https://doi.org/10.1016/j.phrs.2017.11.003
https://doi.org/10.1016/j.jacc.2020.04.038
https://lmj.ly/index.php/ojs/index
https://doi.org/10.1016/S0140-6736(06)68967-8
https://doi.org/10.1093/ehjci/jeaa168
https://doi.org/10.1093/ehjci/jeaa168
https://doi.org/10.4103/1319-2442.235179
https://doi.org/10.4103/1319-2442.235179
https://doi.org/10.61186/payesh.22.6.699
https://doi.org/10.61186/payesh.22.6.699
https://doi.org/10.1161/01.HYP.0000200710.29498.80
https://doi.org/10.1161/01.HYP.0000200710.29498.80
https://doi.org/10.1016/j.jacc.2014.01.022
https://doi.org/10.1016/j.jacc.2014.01.022
https://doi.org/10.1016/S0140-6736(06)69251-9
https://doi.org/10.1016/S0140-6736(06)69251-9
https://doi.org/10.47738/jads
https://doi.org/10.47738/jads
https://doi.org/10.1016/j.gheart.2012.12.004
https://doi.org/10.1016/j.gheart.2012.12.004
https://doi.org/10.1016/j.lanepe.2023.100774
https://doi.org/10.7759/cureus.47294
https://doi.org/10.7759/cureus.47294
https://doi.org/10.1016/j.ijcard.2011.12.100
https://doi.org/10.1016/j.ijcard.2011.12.100
https://doi.org/10.1038/s41371-024-00924-3
https://doi.org/10.1038/s41371-024-00924-3

	﻿Analysis of cardiovascular and cerebral disease risk trends before and during the COVID-19 transition phase in Golestan province
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Result
	﻿Discussion
	﻿Study limitations

	﻿Conclusion
	﻿References


