
original article

ANN SAUDI MED 2024  SEPTEMBER-OCTOBER  WWW.ANNSAUDIMED.NET 329

Correspondence:  Dr. Suliman 
Alghnam ∙ Population Health 
Section, King Abdullah International 
Medical Research Center, Riyadh 
Saudi Arabia ∙ alghnam.s@gmail.
com ∙ ORCID: https://orcid.
org/0009-0000-9594-8408    
     
Citation: Alghnam S, Bosaeed 
M, Aljouie A, Alshahrani SM, 
Alshenqeety O, Atun R, et al. 
Estimating the prevalence of select 
non-communicable diseases in Saudi 
Arabia using a population-based 
sample: econometric analysis with 
natural language processing. Ann 
Saudi Med 2024; 44(5): 329-338. 
DOI: 10.5144/0256-4947.2024.329

Received: July 1, 2024

Accepted: August 31, 2024

Published: October 3, 2024

Copyright: Copyright © 2024, 
Annals of Saudi Medicine, Saudi 
Arabia. This is an open access 
article under the Creative Commons 
Attribution-NonCommercial-
NoDerivatives 4.0 International 
License (CC BY-NC-ND). The details 
of which can be accessed at http://
creativecommons. org/licenses/by-
nc-nd/4.0/

Funding: None.

Estimating the prevalence of select non-
communicable diseases in Saudi Arabia using 
a population-based sample: econometric 
analysis with natural language processing
Suliman Alghnam,a Mohammad Bosaeed,b,c Abdulrahman Aljouie,d Saeed Mastour Alshahrani,e 

Omar Alshenqeety,f Rifat Atun,g Saleh Alqahtanih

From the aPopulation Health Section, King Abdullah International Medical Research Center, Riyadh Saudi Arabia; ; bDepartment of Medicine, 
King Abdulaziz Medical City, Riyadh, Saudi Arabia; cCollege of Medicine, King Saud bin Abdulaziz University for Health Sciences, Riyadh, 
Saudi Arabia; dDepartment of Data Management, King Abdullah International Medical Research Center, Riyadh Saudi Arabia; eDepartment 
of Public Health, King Khalid University, Asir, Saudi Arabia; fMinistry of Health, Riyadh, Saudi Arabia; gDepartment of International Health, 
Harvard TH Chan School of Public Health, Boston, Massachusetts, United States; hDepartment of Hepatology, Johns Hopkins, Baltimore, 
Maryland, United States

BACKGROUND: Non-communicable diseases (NCDs) are a major 
public health challenge globally, including in Saudi Arabia. However, 
measuring the true extent of NCD prevalence has been hampered by a 
paucity of nationally representative epidemiological studies.
OBJECTIVES: Assess the prevalence of selected NCDs, using pop-
ulation-based electronic health records and applying novel analytical 
methods to identify cases of NCDs.
DESIGN: Retrospective
SETTINGS: A large healthcare network in Saudi Arabia.
PATIENTS AND METHODS: We included all beneficiaries aged 16 
years or older (n=650 835[a]) and used the International Classification 
of Disease (ICD-10) codes, laboratory results, and associated medica-
tions to identify individuals with diabetes, obesity, hypertension, dys-
lipidemia, mental disorders, and injuries. For diabetes and hyperten-
sion, we used natural language processing (NLP) on clinical notes in the 
electronic health records. The prevalence of multimorbidity across age 
groups was also tabulated, and logistic regression was used to examine 
its association with glycemic control.
MAIN OUTCOME MEASURES: The primary outcomes measured 
were the prevalence of diabetes, hypertension, and multimorbidity, 
and their association with glycemic control.
SAMPLE Size: 650 835 individuals aged 16 years or older.
RESULTS: The study population was relatively young, with 41.2% aged 
between 26 and 45 years, and around two-thirds were married. The 
prevalence of diabetes and hypertension was 18.5% (95% CI: 18.5-
18.7) and 13.0% (95% CI: 12.9-13.1), respectively. Approximately 
26.7% (95% CI: 26.7-26.8) of the population had multimorbidity, with 
levels increasing to 62.9% for those aged 65 or older. Multimorbidity 
was associated with a four-fold increase in the likelihood of poor glyce-
mic control. NLP analysis suggested that the prevalence of diabetes or 
hypertension may be underestimated by no more than 1.5%.
CONCLUSIONS: The study suggests a higher prevalence of NCDs 
than earlier national estimates. Electronic health records with regular 
analysis provide an opportunity to estimate changes in the prevalence 
of NCDs in Saudi Arabia. Health policies and interventions are needed 
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The social and economic life in Saudi Arabia has 
changed substantially in the past seven decades.1 
Life expectancy increased from 55 years in 1972 

to 75 in 2020, with improvements in other population 
health indicators. To further improve population health, 
the country launched the Saudi Vision 2030 in 2016, with 
one of the goals to increase life expectancy to 80 years 
by 2030.2 Non-communicable diseases (NCDs) and 
injuries are the leading causes of death and disability 
in the country. Therefore, one of the major components 
of the health system transformation is to move from a 
curative model toward a value-based healthcare model 
that focuses on improving population health to enable 
better use of the investments in the health system. A 
primary objective of the transformation is to reduce the 
high burden of NCDs– with a 10% decrease in diabetes 
and a 3% reduction in obesity prevalence between 
2016 and 2030.3

One of the challenges to reducing the NCD burden 
is the paucity of comprehensive, reliable, timely, and 
valid data on the prevalence of NCDs and health out-
comes. Currently, most population health indicators are 
based on data from international estimates, such as the 
Global Burden of Disease (GBD) study.4 A comprehen-
sive assessment of the current NCD burden using local 
data is warranted in order to inform policies, plans, and 
investments to improve population health. 

The population of Saudi Arabia is expected to reach 
40 million by 2030, with an increase in the proportion 
of older age groups due to improvements in life ex-
pectancy.2 With an aging population and without ma-
jor public health interventions, NCDs will likely further 
increase, producing additional demand on the health 
system. Estimates by GBD suggest that four of the five 
leading causes of Disability Adjusted Life Years (DALYs) 
are high body mass index (BMI), high blood pressure, 
elevated fasting glucose, and high levels of low-density 
lipoprotein (LDL) cholesterol.5 However, comprehensive 
real-world data (RWD) on these conditions in the coun-
try are too scarce to estimate the actual burden.6

Several conditions contribute to NCDs. Obesity is a 
major risk factor for cardiovascular diseases and other 
NCDs.7 A study by Alhabib et al on the prevalence 
of cardiovascular risk factors in Saudi Arabia among 

those aged 35-70 years old found that one-half of this 
age group was obese, and 35.5% were overweight.8 
Diabetes is another significant burden on the health 
system, with an estimated annual cost of about 0.87 
billion US dollars, and is anticipated to increase in the 
next decade.9 Therefore, the prevalence of NCDs must 
be assessed regularly to inform better planning and the 
development of suitable implementation prevention 
strategies.10

Estimates of the prevalence of NCDs in Saudi Arabia 
using local data vary, as these estimates are based on 
small samples, outdated reports, or different age cut-
offs.11 For example, a study in 2013 estimated that the 
prevalence of diabetes was 13.4%. In contrast, a nation-
al study in 2019 indicated that self-reported diabetes 
was 8.0%, despite an increase in many risk factors for 
diabetes (such as obesity) nationwide.12,13 Hence, there 
is a need for ‘real-time’ or ‘near real-time’ monitoring 
of the prevalence of NCDs to inform decision-makers 
during health system transformation to guide policies, 
interventions, and resource allocation. 

Electronic health records (EHR) can help provide 
timely data on disease prevalence, multimorbidity 
levels, healthcare utilization patterns, and health out-
comes, as these data are captured regularly for indi-
viduals who use healthcare services. However, without 
screening programs, EHRs fail to capture data on indi-
viduals who may have an NCD but may not be aware 
of their condition. Cross-country studies in low-income 
and middle-income countries that have used nationally 
representative data with biomarkers indicate that the 
proportion of those with a major NCD, such as diabe-
tes or hypertension who are not diagnosed may exceed 
50%.14 Nevertheless, EHR provides an accessible tool 
to all individuals receiving any healthcare service, in-
cluding primary and prevention services, and may help 
monitor disease with minimal costs. Some countries 
have explored the use of EHR to estimate NCDs’ preva-
lence and improve health outcomes.15

This study uses data of the beneficiaries from the 
EHR in a large health system, one of the major sub-
systems in the country with a comprehensive EHR 
system covering 3% of Saudi Arabia’s population, to 
estimate the prevalence of NCDs and injuries.

to address the high levels of multimorbidity, which adversely impact 
glycemic control.
LIMITATIONS: Retrospective design and reliance on electronic health 
records, which may not capture all cases of NCDs.
CONFLICT OF INTEREST: None.
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PATIENTS AND METHODS
This is a retrospective study that utilizes data of the 
beneficiaries with records between 2016 and 2021. The 
study included all tertiary hospitals and outpatient clin-
ics in a large healthcare network. The study included all 
fully eligible beneficiaries aged 16 years and older and 
for whom comprehensive data exist. Full eligibility was 
defined as full access to all medical and preventative 
services. 

The study examined three categories of parameters. 
The first category was related to BMI (as a measure of 
obesity), diabetes, hypertension, dyslipidemia, injuries, 
and mental disorders. BMI is captured automatically 
in the system using weight (in kg) divided by height 
(in meters squared). Because the EHR includes all the 
weight and height measurements for every visit to a 
healthcare facility taken by registered nurses, the latest 
measurement was used. Subjects were categorized 
using the Center for Disease Prevention and Control 
as underweight (BMI <18.5), normal (BMI=18.5-24.9), 
overweight (BMI=25-29.9), or obese (≥30). Diabetic 
patients were defined as those diagnosed with diabetes 
(ICD-10 Codes=E10-E14; excluding gestational), taking 
hypoglycemic medication, having a hemoglobin A1c 
level ≥6.5, having fasting blood glucose >125, or 
having a random test of 200 or higher.16 

Individuals with hypertension were either diagnosed 
as hypertensive (ICD-10 Codes=I10-I15) or taking an-
tihypertensive medication. Dyslipidemia patients were 
defined as those with a diagnosis (ICD-10 Code=E78), 
taking medication, or having abnormal lab lipid levels. 
We defined abnormal lab as either: high total cholester-
ol (>5.19 mmol/L), high levels of LDL cholesterol (>2.61 
mmol/L), low levels of high-density lipoprotein (HDL) 
cholesterol (males <1.04 or females <1.54 mmol/L), or 
triglyceride (>1.71 mmol/L). Injured patients were those 
seen in the emergency department, outpatient clinic, or 
admitted as inpatients following acute injuries (ICD-10 
Codes=S00-T14). Patients with mental disorders were 
diagnosed based on the ICD-10 codes F0-F99.17

The second category of measurement is related to 
multimorbidity, defined as two or more conditions.18 
Health conditions included diabetes, hypertension, 
dyslipidemia, obesity, and mental disorders. 

The third category of measurements is related 
to glycemic control among patients diagnosed with 
diabetes. Glycemic control was accessed using glycated 
hemoglobin levels and measured using hemoglobin 
A1c (HbA1c). We defined diabetes control as having a 
hemoglobin A1C level of <7 after the initial diagnosis.19 
Also, we defined persistent uncontrolled diabetes as 
more than five abnormal HbA1c (>7%) over the study 

period (range 1-5 years).

Calibration subsample
The EHR’s clinical notes may specify disease diagnoses 
in unstructured formats. For example, a patient is 
diabetic and hypertensive and receives treatment 
in other facilities or private hospitals. Suppose this 
individual needed emergency care for an injury, and the 
physician documented that the individual has diabetes 
and hypertension in the clinical notes. In that case, 
these episodes of care provided in other networks may 
not be captured in the data system with the correct 
details of ICD codes, medications, or laboratory 
results. To mitigate this bias, we utilized a rule-based 
(with regular expression) natural language processing 
(NLP) system using Python scripting to validate the 
accurate detection of two conditions: i) diabetes and ii) 
hypertension.20 To verify the true negatives for diabetes 
and hypertension in patients’ data extracted from the 
EMR system, we randomly selected two subsamples 
from the population (~10 000 patients each)— one from 
those identified as non-diabetics and another from 
those who were identified as non-hypertensive. We 
called these calibration samples since we intended to 
capture the magnitude of the false negatives in the EHR 
system for those conditions. Calibration methods have 
been used previously to improve estimates in health 
research.21 The data was retrieved from the system on 
February 21, 2022, and was deidentified prior to the 
analysis. The study was reviewed and approved by the 
respective Institutional Review Board.

Statistical analysis
Statistical analyses were conducted using STATA soft-
ware (version 15 SE). Descriptive statistics and frequen-
cy tables were used to describe the demographics and 
prevalence of the disease. Age and gender-specific 
prevalence were calculated for the stated conditions 
and the distribution of diseases across the institution 
branches by country’s geographic region. 

We also examined and tabulated those with mul-
timorbidity to understand its distribution in the study 
population. Conditions included diabetes, hyperten-
sion, dyslipidemia, obesity, and mental disorders. 
The association between multimorbidity and diabe-
tes control was assessed using a Chi-square test. The 
frequency of uncontrolled HbA1c after the diagnosis 
date was tabulated and categorized into controlled (all 
HbA1c measurements following diagnosis were ≤7%), 
1-2 high measurements, 3-5 high measurements, or >5 
uncontrolled measurements (HbA1c level>7%). We also 
explored the association with persistent uncontrolled 
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diabetes. This association was further modeled using 
a multivariable logistic regression model. The indepen-
dent variables included age, gender, and whether the 
individual suffered from multimorbidity. Additional lo-
gistic regression models were constructed using differ-
ent dyads of the chronic conditions studied. 

For the calibration subsamples, we used Python 
scripting language for all analyses. We grouped pa-
tients’ progress notes (encounters) into one aggregated 
text for each patient. Next, we evaluated every line (we 
treated each newline character as a sentence separator). 
A patient is considered non-diabetic if there is no men-
tion of ‘diabet’ or ‘DM’ or “T1D” or “T2D” keywords 
or if the subsequence (within the same line) has one 
of the negation or family history contexts (Appendix 
A). Likewise, a patient is classified as non-hypertensive 
when the subsequent words does not contain ‘hyper-
ten’ or ‘htn’ or “HTN” or these terms are negated. 

RESULTS
The analysis included 650 835 beneficiaries (52.3% 
females and 47.6% males). The majority of the 
population sample was relatively young (26-45 years 
old, 41.1%), Saudi nationals (99.4%), married (58.8%), 
and residents of the central region (58.5%, Table 1). 
67.4% of beneficiaries were overweight (28.9%; 95% 
CI=28.7-29.0) or obese (38.5%; 95% CI=38.3-38.6, 
Table 2). The prevalence of obesity was higher among 
those 46-64 than in other age groups (57.9%; 95% 
CI=57.7-58.3, Figure 1).

The results show that 18.5% (95% CI=18.5-18.7) 
of the study population had diabetes. Most patients 
(78.7%; 95% CI=78.5-78.9) were identified through the 
ICD codes. The remaining 21.3% of diabetic patients 
were identified via medication lists and lab records. 
They had not been diagnosed formally through the ICD 
code but had been either using diabetic medications 
or had elevated levels of HbA1c (≥6.5%), fasting blood 
glucose (>125 mg/dl), or random blood glucose (>200 
mg/dl). The prevalence of diabetes was highest among 
those aged 65 years or more (53.2%; 95% CI=52.8-
53.5, Figure 2A). 

In the analysis, 13.0% (95% CI=12.9-13.1) of the 
study population had hypertension. Most hypertensive 
patients were identified using ICD codes (93%). The 
remaining 7% (95% CI=6.8-7.1) of hypertensive patients 
were identified after retrieving patients’ medication 
lists who had not been diagnosed formally through the 
ICD code but had been using blood pressure-lowering 
medications (Table 2). As with diabetes, hypertension 
was high (48.7%, 95 CI=48.3-49.0) among those aged 
65 years or older (Figure 2B). 

As for dyslipidemia, we identified that 20.3% (95% 
CI=20.2-20.4) of the population had abnormal lipid 
profiles. Most were identified through the ICD code 
diagnosis documented in the HER system (83.5%), while 
the remaining 16.5% were identified by the patients’ 
laboratory records and medication lists (Table 2). The 
prevalence of dyslipidemia was high among the 46-64 
age group (41.0%; 95% CI=40.7-41.2; Figure 2C). 

We identified that 80 995 injuries were treated 
during the study period within the healthcare 
network. In contrast to the distributions of diabetes, 
hypertension, and dyslipidemia across the age groups, 
injuries were more common among the younger 
population group (16-25 years, 15.9%, 95% CI=15.7-
16.1: Figure 2D).

As for mental disorders, approximately 4.5% (95% 
CI=4.5-4.6) of the study population had a mental condition 

Table 1. General characteristics of individuals 
participating in the health system (N=650 835).

Variable

Age Group  

   16-25 149 619 (22.99)

   26-45 268 006 (41.18)

   46-64 152 637 (23.45)

   ≥65 80 573 (12.38)

Gender

   Female  340 891 (52.38)

   Male 309 944 (47.62)

Nationality

   Saudi 647 069 (99.42)

   Non-Saudi 3766 (0.58)

Marital status

   Single 239 535 (36.8)

   Married 383 074 (58.86)

   Divorced/Separated/
   Widowed 21 666 (3.33)

   Unknown 6560 (1.01)

Region

   Central 381 159 (58.56)

   Eastern 79 115 (12.16)

   Western 154 417 (23.73)

   Others 36 144 (5.55)

Data are number (percentage).
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Table 2. Diseases prevalence among beneficiaries of the health system 
(N=650 835).

Variable

Diabetes

   No 529 944 [81.4 (81.3 81.5)]

   Yes 120 891 [18.6 (18.5-18.7)]

Diabetes by the method of diagnosis

   ICD Code 95 134 [78.7 (78.5-78.9)]

   No ICD Code but only high HbA1ca 2755 [2.3 (2.2-2.4)]

   No ICD Code but only medication use  2935 [2.4 (2.3-2.5)]

   No ICD Code but only high FBGb 9838 [8.1 (8.0-8.3)]

   No ICD Code but only high RBGc 10 229 [8.5 (8.3-8.6)]

Hypertension

   No 566 210 [87.0 (86.9-87.1)]

   Yes 84 625 [13.0 (12.9-13.1)]

Hypertension by the method of diagnosis

  ICD Code 78 723 [93.0 (92.9-93.2)]

   No ICD Code but only medication use 5 902 [7.0 (6.8-7.1)]

Dyslipidaemia

   No 518 828 [79.7 (79.6-79.8)]

   Yes 132 007 [20.3 (20.2-20.4)]

Dyslipidaemia by the method of diagnosis

   ICD Code 110 256 [83.5 (83.3-83.7)]

   No ICD Code-only medication use 13 309 [10.1 (9.9-10.2)]

   No ICD Code but only high labd 8442 [6.4 (6.3-6.5)]

Injurye,f,g

   No 569 840 [87.6 (87.5-87.6)]

   Yes  80 995 (12.4 [12.4-12.5)]

Mental disorders

   No 621 109 [95.4 (95.4-95.5)]

   Yes 29 726 [4.6 (4.5-4.6)]

Body mass index 

   Normal 134 765 [26.2 (26.1-26.3)]

   Underweight 33 548 [6.5 (6.4-6.6)]

   Overweight 148 563 [28.9 (28.7-29.0)]

   Obese 198 070 [38.5 (38.3-38.6)]

   Not reported/Not measuredh 135 889

Data are number (percentage, 95% CI). aGlycated haemoglobin > 6.4%; bFasting Blood Glucose > 125 
mg/dL; cRandom Blood Glucose >199 mg/dL; dCholesterol; eEmergency Department admission; fIn-
Patient admission; gOut-Patient admission; hNo weight data on the patients’ records.

recorded (Table 2). Mainly, those aged 26-45 years had the 
highest prevalence of mental disorders (6.0%; 95% CI=5.8-
6.1) than other age groups (Figure 2E). 

Figure 3 illustrates the prevalence of multimorbidity 
in the study population. We found that 26.7% (95% 
CI=26.7-26.8) of the study population had multimorbidity 
with two or more chronic conditions, while 15.0% 
(95% CI=15.2-15.4) had three conditions or more. The 
prevalence of having three comorbidities or more was 
highest (48.8; 95% CI=48.5-49.2) among individuals 65 
or older, representing around one-half of that age group. 

Our results showed that less than one-third of the 
diabetic population achieved diabetes control (28.2%; 
95% CI=28.0-28.4). Moreover, our results indicated a 
difference in diabetes control across age groups, with 
those aged 65 years or older having worse control than 
younger patients (P value <.01, Figure 4). This differ-
ence in control was also present when comparing indi-
viduals with just diabetes and with multimorbidity. 

Those with multimorbidity were more likely to 
have persistent uncontrolled diabetes (>5 abnormal 
tests) over the study period than those with two or 
fewer comorbidities (Table 4). While over half of 
diabetic patients without comorbidities achieved 
glycemic control, 35.2% (95% CI=34.8%-35.5) of those 
with three or more chronic diseases had persistent 
uncontrolled diabetes. Regression analyses revealed a 
similar pattern with those with three or more chronic 
conditions and higher odds (OR=5.0; 95CI=4.7-5.3) of 
having persistent uncontrolled diabetes than diabetic 
patients without other comorbidities (Table 3). The 
dyad of diabetes and dyslipidemia had the highest 
level of president uncontrolled diabetes, with those 
who have dyslipidemia almost four times more likely 
to have persistent uncontrolled diabetes than those 
without comorbidities (OR=3.9; 95% CI=3.8-4.1). 

Results from the calibration subsamples indicated 
that out of the 9968 (99.6%) out of the 10 004 non-
diabetic patients were true negatives and 36 (0.36%) 

 Figure 1. Body mass index class of National Guard 
Health Affairs beneficiaries across age groups (years).
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Figure 2. The prevalence of diseases in NGHA population 
by age groups (%): A) diabetes; B) hypertension; C) 
dyslipidemia; D) injury; E) mental disorders.

A

B

C

D

E

were false negatives based on the NLP approach. For 
hypertension, out of the randomly selected 10 000 
patients with extracted records without hypertension, 
the NLP system identified 9861(98.6%) as true 
negatives and 139 (1.4%%) patients as false negatives. 
All those identified as false negatives were further 
verified manually by reviewing the medical charts, and 
the findings were consistent with the analysis generated 
using NLP. 

DISCUSSION
This analysis is the first approximation of a population-
based sample in Saudi Arabia to quantify the preva-
lence of leading NCDs. Our results suggest that analysis 
using EHR-based data to monitor disease prevalence 
is feasible, and the findings could be used as part of 
health needs assessment to guide policies and inter-
ventions for population health management. 

Our study found a high prevalence of four major 
NCDs and injuries among the study population. These 
levels are higher than earlier published estimates of 
the self-reported prevalence of diabetes to be around 
8.0%.13 Our finding of persistent uncontrolled diabetes 
is consistent with previously published local studies 
suggesting that three-fourths of patients with diabetes 
are not achieving control.22 Addressing NCDs is a prior-
ity for Saudi Vision 2030, but a call for action to address 
the determinants of these conditions is desperately 
needed.

An important finding of the study is that more than 
15% of the study population has three or more chronic 
conditions. Although this level is lower than the levels 
observed in high-income countries, where estimates 
suggest that around 31.7% of adults aged 20-64 had 
five or more chronic conditions, high-income countries 
are further advanced in epidemiological transition that 
brings chronic conditions than Saudi Arabia, which is in 
earlier stages of epidemiological transition.23 However, 
around 50% of those aged 65 years or more had three 
or more chronic conditions. This level is higher than 
in upper-middle income countries, such as Indonesia, 
which are at a similar stage of epidemiological transition 
to Saudi Arabia, where only 22.0% of those 50 years or 
more had multimorbidity.18 Patients with multimorbidity 
are of particular concern because they are likely to 
be the highest utilizer of healthcare resources and 
tend to have worse health outcomes and lower 
quality of life when compared with individuals with 
no multimorbidity.23 Consequently, multimorbidity can 
affect individual prosperity and the nation’s economy 
aside from healthcare utilization because those patients 
are more likely to be absent from work and incur high 
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Figure 3. Prevalence of multimorbidity in the study population.

Figure 4. The overall weighted prevalence of glycemic control and across age 
groups among individuals with diabetes.

Table 3. Multiple logistic regression models of the 
association between health comorbidities and poor 
glycemic control.

Variable                                                                                 OR (95% CI)

Model 1: Age, gender and 
multimorbidity (n=120 891)

Multimorbidity 

   One Reference

   Two 1.4 (1.3-1.5)

   >Two 5.0 (4.7-5.3)

Model 2 (Dyad #1): Age, 
gender and hypertension 
(n=33 030)

Hypertension

   No                                                                                          Reference

   Yes 1.5 (1.4-1.6)

Model 3 (Dyad #2): Age, 
gender and dyslipidaemia 
(n=49 582)

Dyslipidaemia 

   No                                                                                          Reference

   Yes 3.9 (3.8-4.1)

Model 4 (Dyad #3): Age, 
gender and injury (n=29 957)

Injury

No                                                                                          Reference

Yes 0.9 (0.8-1.0)

Model 5 (Dyad #4): Age, 
gender and mental condition 
(27 752)

Mental condition 

   No                                                                                          Reference

   Yes 1.0 (0.9-1.1)

BOLD=Significant at P<.01.

Table 4. Frequency of abnormal HA1C tests (>7%). 

Morbidity Controlled (1-2) (3-5) (>5)

None 56.14 42.42 0.8 0.64

One 48.86 27.46 10 13.68

Two 46.56 31.15 12.37 9.92

>Three 22 22.42 20.37 35.22

Total are 100%.
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out-of-pocket costs.24 Case management strategies to 
address the health of individuals with multimorbidity 
are needed to improve population health and reduce 
healthcare costs. 

Our finding revealed a high prevalence of obesity that 
represents a major threat to the health system and Saudi 
Arabia in general. A recent study estimated that nearly 
two million obesity-attributed diabetes cases would 
be diagnosed in Saudi Arabia in the next 20 years.25 
The latest estimate, from a nationally representative 
sample, estimated the levels of overweight and obesity 
to be 38% and 20%, respectively.13 These estimates are 
lower than the one presented in our study, suggesting 
a higher prevalence in our population. Obesity is 
associated with many NCDs and adds to the Kingdom’s 
existing negative impact on population health. A recent 
local study found that obesity was associated with a 
two-fold increase in diabetes and hypertension.7 

Our study revealed that mental conditions 
prevalence is lower than the currently used national 
estimate of 20.2%.26 While it has been found that 
mental health conditions are underestimated globally, 
these differences may be due to differences in the 
catchment population, or difficulty in healthcare 
access.27 To reduce the likelihood of missing patients, 
more screening programs are needed to ensure 
patients receive the care required. 

Our results suggest that the prevalence of injuries 
is higher among young individuals, similar to the 
findings in earlier literature.28 Even when injuries are not 
fatal, they may cause significant disabilities, affecting 
population health and healthcare costs.29 Traffic crashes 
are the leading cause of injury, fatality, and disability in 
Saudi Arabia.30 A recent study estimated that as high as 
70% of those who sustain non-fatal traffic crash injuries 
require long-term rehabilitation.31 The Kingdom is 
serious about improving traffic safety, which is why it is 
one of the main objectives of the health transformation 
program.32 Prevention programs may use our findings to 
guide prioritizing and implementing injury prevention 
initiatives. 

Our findings have major implications for future 
planning to improve population health. Several steps 
must be taken to address these conditions as part 
of population health management. First, there is an 
imperative to invest in primary care to mitigate the 
impact of NCDs on population health and health system 
resources and to reduce the likelihood of adverse 
health outcomes for the population.33 This investment 
could include Chronic Disease Management Programs 
and clinical guidelines, among other modalities via 
primary care to improve the management of NCDs and 

population health.34 
Second, there is a need to invest in addressing the 

social determinant of health which influence as much 
as 80% of health outcomes.35 There is a need for a 
comprehensive assessment of social determinants of 
health in Saudi Arabia and a multi-sectorial approach to 
their effective management. 

Third, there is an opportunity to leverage 
technology and digital health to enable population 
health management by identifying social determinants 
of health, monitoring, and providing appropriate 
interventions throughout life. Along the care continuum, 
engaging individuals in managing their health and 
chronic conditions, establishing disease registries, 
and regularly monitoring and evaluating the impact of 
policy interventions. The availability of comprehensive 
digital data on individuals will make possible the use 
of advanced data analytics and predictive modeling 
to identify individuals at risk of chronic conditions and 
intervene early. 

Fourth, continuous monitoring of disease prevalence 
is crucial to better understand population health, 
estimate demand on the health system, and project 
future healthcare expenditures. In the United States, 
around 90% of the nation’s 3.5 trillion annual healthcare 
expenses are used to manage people with chronic 
disease or mental health conditions.36 Therefore, 
further efforts to screen, diagnose and identify risk 
profile beneficiaries are needed to activate integrated 
care pathways to improve health outcomes and reduce 
health expenditures.37

There are three limitations to our study. First, 
the data is limited to one organization and does not 
represent the entire Saudi Arabian population. Second, 
as previously discussed, some individuals with diabetes 
or hypertension may have never visited any healthcare 
facilities, thus unaware of the diagnosis. Earlier studies 
estimated that 57% of diabetic or hypertensive people 
are unaware of the disease.12,38 Hence, our findings may 
underestimate the true prevalence of the conditions 
studied. 

Third, the lack of data on physical activity and 
diets limits our ability to understand the population’s 
healthy lifestyle, affecting health outcomes. Previous 
studies from the same underlying population suggest 
that 73.1% never include moderate exercise in their 
daily routine.39 To understand and enhance disease 
management, other clinical data need to be included 
in future studies, such as medication adherence and 
adverse events. 

Despite the limitations, there are several strengths 
of this study. First, we used a population-based sample 
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using minimal additional resources for data collection, 
setting the base for future and sustainable large-scale 
studies. Second, we used several objective markers 
to identify patients with diabetes and hypertension, 
including machine learning, which improved the 
reliability of our estimates. Third, we combined various 
estimates of disease prevalence to understand those 
with multiple comorbidities and set the stage for future 
interventions among high-risk groups. 

In conclusion, this  study indicates that the preva-
lence of leading NCDs in Saudi Arabia is higher than 
previously reported in national estimates. Utilizing EHR 
for monitoring disease prevalence is both feasible and 
valuable, as regular analysis may reveal trends and 
changes over time. There is a pressing need for health 

policies and interventions to address the high levels of 
multimorbidity, which negatively affect glycemic con-
trol. Furthermore, increased investment in assessing 
the prevalence of major NCDs is essential to accurately 
estimate their burden and to formulate effective poli-
cies for population health management.
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