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Abstract

Background

Non-communicable diseases (NCDs) are significant public health concerns in Bangladesh,
placing a heavy burden on the healthcare system. While the situation before COVID-19 was
well-documented, it is unclear how the pandemic has impacted the prevalence and risk factors of
these diseases. This study provides the first comparative assessment of the prevalence and
determinants of diabetes mellitus (DM) and hypertension (HTN) before and after the pandemic,
utilizing comprehensive multilevel data source and mixed-effects modeling to capture the

shifting epidemiological burden.

M ethods

NOTE: This preprint reports new research that has not been certified by peer review and should not be used to guide clinical practice.
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We analyzed biomarker data from two nationally representative Bangladesh Demographic and
Health Surveys (BDHS) 2017-18 and 2022. Diagnosis followed WHO guidelines for fasting
blood glucose and blood pressure. Mixed-effect logistic regresson models were employed to
identify risk factors while accounting for the hierarchical survey design. The Intra-class
Correlation Coefficient (ICC) was calculated to quantify the proportion of variance attributable

to unobserved community-level heterogeneity.

Results

The study indicates a profound shift in the national burden of NCDs. Diabetes prevalence more
than doubled, from 23% in 2017-18 to 49% in 2022, while hypertension prevalence declined
from 22% to 15%, a pattern that may reflect survival bias among individuals with severe
comorbidities. The previously strong bidirectional association between DM and HTN weakened
in the post-pandemic period, hypertension continued to predict diabetes (AOR = 1.17), but
diabetes was no longer a significant predictor of hypertension. Community-level determinants
became substantially more influential, with local environmental factors playing a much larger
role in shaping diabetes prevalence compared to the pre-pandemic period. Urban residence
emerged as a significant new risk factor for diabetes in 2022 (AOR = 1.62; 95% CI: 1.34-1.96).
Furthermore, the socioeconomic gap in diabetes risk narrowed as the disease affected more
wealth groups, while higher educational attainment continued to serve as a protective factor

against hypertension (AOR = 0.64; 95% ClI: 0.54-0.75).

Conclusion

The post-pandemic landscape of NCDs in Bangladesh shows a clear divergence, marked by a

rapid increase in diabetes contrasted with a stabilization in hypertension prevalence. Through
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comparative mixed-effects modeling, this study advances beyond simple prevalence comparisons
to demonstrate the growing impact of urban environments and community-level factors on
metabolic health. These evolving patterns underscore the need for integrated public health
strategies that address emerging environmental risks and geographically specific vulnerabilities

to support progress toward Sustainable Devel opment Goal Target 13.4.

Keywords: Bangladesn, BDHS, Community-level variability, COVID-19, Diabetes mellitus,

Hypertension, Mixed-effects modeling, Non-communicable diseases, Public health
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Background

Non-communicable diseases (NCDs) account for 71% of global fatalities, resulting in the death
of 41 million individuals annually—more than all other causes combined (1). In 2019, non-
communicable diseases (NCDs) represented 74% of global fatalities and constituted 7 of the 10
principal causes of death (2). Disturbingly, 15 million individuals aged 30-69 succumb to
premature mortality from non-communicable diseases (NCDs) each year, with 85% of these

fatalities occurring in low- and middle-income countries (LMICs) (1).

Non-communicable diseases (NCDs) impact people at every stage of life, from infancy through
old age, creating severe risks for public health, economic resilience, and socia progress (3).
Recent findings from the Lancet Taskforce on NCDs and Economics underscore the critical link
between economic growth and disease management, stressing how poverty significantly worsens
the impact of NCDs (4-8). The financial weight these diseases place on healthcare systems and

national well-being is already heavy and is predicted to escalate in the near future (9).

Estimates suggest that by 2030, deaths linked to NCDs will jump from 41 million to 52 million,
a trend that jeopardizes the success of Sustainable Development Goal (SDG) target 3.4, which
seeks to cut premature NCD mortality by one-third through better prevention and care (10-12).
Although wealthier nations have seen some success in managing these conditions, low- and
middle-income countries (LMICs) continue to face stegp challenges driven by persistent risk

factors.

The World Health Organization (WHO) highlights four primary global drivers of NCDs: tobacco

consumption, physical inactivity, alcohol abuse, and poor nutrition (13). These behaviors trigger
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four specific metabolic disruptions. high blood pressure (hypertension), obesity, high blood

sugar (hyperglycemia), and abnormal lipid levels (hyperlipidemia) (1, 14).

Diabetes mellitus (DM) stands out as a major cause of death among NCDs, claiming a life every
five seconds (15). As of 2017, roughly 451 million adults aged 18-99 were living with the
condition, a figure expected to reach 693 million by 2045 (16). It is particularly concerning that
nearly half—49.7%—of those with diabetes remain undiagnosed (17). LMICs shoulder 80% of
this global burden, where cases often go undetected for years (18). In 2019 alone, diabetes was
the direct cause of 1.5 million deaths, making it the ninth leading killer worldwide (19). South
Asiafaces alooming crisis, with prevalence rates expected to surge by more than 150% by 2030

(20).

Similarly, Hypertension (HTN), frequently called the ‘silent killer,” is a primary driver of early
death globally (21). It claims 9.4 million lives annually, a toll that rivals the mortality burden of
major infectious diseases (22). By 2025, the number of people affected globally is expected to
rise by 60%, reaching 1.56 hillion (23). Despite common misconceptions, two-thirds of the
world's hypertension cases actually occur in LMICs (21, 24). In South Asia, including the

SAARC nations, high blood pressure rates are already exceeding the global average (25).

The onset of NCDs is driven by a complicated mix of socioeconomic, demographic, and lifestyle
choices (26-31) . One mgjor concern across both urban and rural populations is rising BMI,
which is closely tied to higher diabetes risk (30-32). Interestingly, recent data points to an
‘inverted U-shaped’ relationship between socioeconomic status (SES) and the rates of DM and
HTN (33). Smoking acts as another key risk factor for Type 2 Diabetes, particularly for heavy
smokers. This elevated risk persists for up to a decade after quitting, though it drops faster for

those who smoked less (34-36). Finally, while gender is consistently viewed as a significant

5
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96 factor, exposure to media seems to have extraordinarily little impact on the prevalence of these

97  diseases (37).

98 Asan LMIC, Bangladesh is grappling with a severe burden of NCDs, which now account for
99 59% of al mortality (38, 39). A systematic review and meta-analysis placed the national
100  prevalence of diabetes at approximately 7.8% (95% ClI: 6.4-9.3) (40). World Health Organization
101 (WHO) dataindicates that 12.88 million people, about 8% of the population live with diabetesin
102  Bangladesh, a condition responsible for 3% of total deaths (41). Hypertension is rapidly
103  becoming a major concern as well, with recent findings showing a prevalence rate of 20% across

104  thecountry (21, 42).

105  The burden of Type 2 diabetes mellitus (T2DM) is notably rising in both urban centers and rural
106  communities (43). Although religious norms keep alcohol consumption low, other behavioral
107  risks—specifically tobacco use, sedentary lifestyles, and poor dietary habits—are trending
108  upward (14, 44). Geographic anadyses highlight that factors like age, education, and
109  socioeconomic status (SES) are primary drivers of HTN and T2DM, often leading to significant
110  regional inequalities (45, 46). Current literature has pinpointed a cluster of covariates linked to
111 the high rates of DM and HTN in Bangladesh; these include gender, advanced age, higher
112 educational attainment, wealth, elevated BMI, unemployment, urban living, and smoking (47-

113 50).

114  The escalating prevalence of DM and HTN continue to place an immense burden on global
115  hedlthcare systems and well-being (15, 51-54). In Bangladesh, the World Health Organization
116  (WHO) has collaborated with the government to implement a multisectoral action plan for NCD

117  prevention involving diverse ministries. However, identifying static risk factors is no longer
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118  sufficient; understanding the trajectory of these diseases is critical for effective resource

119  dlocation (55).

120  While previous studies have utilized the Bangladesh Demographic and Health Survey (BDHS)
121 2017-18 to establish a pre-pandemic baseline (56), there is a critical knowledge gap regarding
122 how the prevalence and determinants of NCDs have shifted in the post-pandemic landscape. The
123 interval between the BDHS 2017-18 and the newly released BDHS 2022 encompasses the
124 COVID-19 pandemic, a period characterized by lockdowns, restricted hedthcare access,
125  increased psychological stress, and potential shiftsin sedentary behavior, all of which are potent

126  driversof NCD risk.

127  Furthermore, the COVID-19 pandemic had direct impacts on the healthcare system and the
128  human body. Severe interruptions to regular healthcare services meant that many people could
129  not access routine screening and management for chronic diseases, which likely increased the
130  number of undiagnosed cases (57). At the same time, clinical evidence shows that the SARS-
131  CoV-2infection itself can cause severe inflammation in the body. This inflammation can damage
132 blood vessels and might accelerate the development of conditions like diabetes (58). Because of
133 al these combined behavioral, healthcare, and biological changes, it is necessary to evaluate how
134  the vulnerabilities for NCDs at both the individual and community levels have changed during

135 thiscriss.

136  Consequently, this study aims to conduct a comparative analysis of the sociodemographic,
137  socioeconomic, and lifestylerdlated determinants of DM and HTN using two nationally
138  representative datasets: BDHS 2017-18 and BDHS 2022. By quantifying the temporal changesin
139  disease prevalence and risk factors, we aim to provide policymakers with evidence-based

140  indghtsinto the pandemic's ‘shock’ effect on NCD trends. This analysisis vital for recalibrating
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public health interventions to mitigate the compounding financial and social strain of NCDs and
is essential for tracking Bangladesh’s progress toward achieving Sustainable Development Goal

(SDG) Target 3.4 (reducing premature mortality from NCDs by one-third) in apost-COVID era.

M ethods

Data Source and Study Design

This study utilizes data from two successive rounds of the Bangladesh Demographic and Health
Survey (BDHS): the 2017-18 and 2022 iterations (59, 60). Both surveys were implemented by
the National Institute of Population Research and Training (NIPORT) under the Ministry of
Health and Family Welfare, as part of the global DHS program. These surveys provide nationally
representative data specifically designed to estimate the prevalence of hypertension (HTN) and

diabetes mdllitus (DM) through standardized biomarker protocols.

Sampling Technique

Both the 2017-18 and 2022 BDHS employed a consistent two-stage stratified cluster sampling
design. The sampling frames were based on Enumeration Areas (EASs) defined by the
Bangladesh Bureau of Statistics (BBS), with each EA, the Primary Sampling Unit (PSU),

comprising approximately 120 households.

e First Stage: In both survey rounds, 675 PSUs were selected with probability proportional

to the EA size. For the 2022 survey, thisincluded 237 urban and 438 rural PSUs.

e Second Stage: The sampling intensity at the household level increased over time. While

the 2017-18 survey selected 30 households per PSU, the 2022 survey selected an average


https://doi.org/10.64898/2026.03.31.26349897

medRxiv preprint doi: https://doi.org/10.64898/2026.03.31.26349897; this version posted April 2, 2026. The copyright holder has placed this
preprint (which was not certified by peer review) in the Public Domain. It is no longer restricted by copyright. Anyone can legally share, reuse,
remix, or adapt this material for any purpose without crediting the original authors.

161 of 45 households per PSU, resulting in a larger total sample of approximately 30,375

162 households in the most recent round.

163  Biomarker Collection and Sub-sampling

164  Detailed information on DM and HTN was derived from the Biomarker Questionnaire. In both
165  surveys, biomarker data, including fasting blood glucose and blood pressure measurements, were
166  collected from a subsample of households (one-fourth of the selected households in 2017-18 and
167 adesignated subsample in 2022). Eligible participants included men and women aged 18 years

168  and older residing in these households.

169  Outcome Measures

170  This study encompasses two primary dependent variables: the presence or absence of diabetes
171 and the presence or absence of hypertension. Individuals were classified as having elevated
172 blood glucose or diabetes if their fasting blood glucose (FBG) exceeded a threshold of 6 mmol/L
173 (1, 2). Otherwise, they were regarded to be in a normal health status or non-diabetic. Participants
174  were categorized as having hypertension if, during the survey, their mean systolic blood pressure
175  (SBP) exceeded 140 mmHg or their mean diastolic blood pressure (DBP) exceeded 90 mmHg.
176  The categorization process involved adhering to the recommendations provided by the World

177  Health Organization (WHO) and conducting a comprehensive evaluation of relevant literature.

178  Explanatory Variables

179  The selection of explanatory variables is informed by a comprehensive evaluation of relevant
180 literature. These variables are further categorized into demographic, biomedical, and behavioral

181  aspects.
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182  The demographic factors considered in this study include age (categorized as <=40 years and
183  >40 years), gender (classified as female and male), division of residence (Barisal, Chittagong,
184  Dhaka, Khulna, Mymensingh, Rajshahi, Rangpur, Sylhet), type of residence (categorized asrura
185 and urban), education level (ranging from no education to primary, secondary, and higher

186  education), and wealth index (categorized as poorest, poorer, middle, richer, and richest).

187  Biomedical variables encompass body mass index (BMI) categories, including thin (BMI <
188  18.5), norma (BMI 18.5-24.9), and overweight (BMI > 24.9), as well as the presence of
189  hypertension and diabetes. Diabetes is recognized as a contributing factor to the development of
190  hypertension, while hypertension is similarly acknowledged as a contributing factor to the
191  development of diabetes. The behavioral characteristics under consideration include smoking

192  status(yesno).

193  Statistical Analysis

194  All data management and statistical computations were executed using Stata (Version 17.0) and
195 R (Version 4.5.1). To ensure the results provided nationally representative estimates, we applied
196  sampling weights to adjust for the complex two-stage stratified cluster sampling design and
197  participant non-response. The study population’s baseline characteristics were summarized using
198 descriptive dtatistics, specifically frequency distributions and percentages for all

199  sociodemographic and lifestyle covariates.

200 To evauate initial associations between these covariates and the prevalence of Diabetes and
201  Hypertension, we conducted bivariate analyses using contingency tables. Pearson’s Chi-square
202  test was employed to assess statistical significance, strictly adhering to the validity assumption

203  that all expected cell frequencies exceeded five.

10
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204  Acknowledging the hierarchical structure inherent in the survey design, where observations
205  within the same cluster are correlated, we adopted a mixed-effect logistic regression framework
206  rather than a standard single-level model. This robust approach allows for the simultaneous
207  estimation of individual-level risk factors while controlling for unobserved heterogeneity at the
208  cluster level. Furthermore, the Intracluster Correlation Coefficient (ICC) was calculated to
209 quantify the proportion of total variance attributable to community-level clustering, thereby

210  validating the statistical necessity of the multilevel modeling approach.

211 To capture the full spectrum of cluster-level variability, the authors utilized generalized linear
212 mixed models (GLMMs). The adjusted odds ratios (AORS) of the covariates were obtained from
213 the mixed-effect logistic regression model. Let, vy, be pt* individual/household from " cluster
214  wherel =1,2,..,qandp = 1,2,...,n;; let, x;, be avector of covariates for pt* household from
215 [*" cluster related with fixed effect parameter 8. u representsa (q x 1) vector of random effects
216 corresponding to g clusters and z;, is a special vector of size (g x 1) which contains all zeros
217 butalatthel™ position; ! = 1,2, ..., q. Here, w, = E(Y;,|1y), where ; be the random effect of
218  cluster [. Under GLMM the linear predictor takes the form, g(w;,) = x/,B + zj,u. Using the

219  logit link functionin GLMM (61),

ulp
1—

g(ulp) =In = xl,p.B + Zl,pu

220 In this study, only random intercept has been considered, z;,u = u;, where, u;~ N(0, a2).
221  Therefore, the general conditional probability of pt* household from [ cluster given the value
222 of the explanatory variable of that observation and the random effect of that cluster is,

exlﬁ+ul

Mp = E(Vplx1p, 1) = Pr(¥y, = 1xip, ) = 1+ exiBtu

11
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223 Thelikelihood function for the individuals corresponding to It" cluster is,

LML[(B; Uf)lxlp; Hl] = f(ylplxlpi Hl) = Hf(ylp|xlp! Hl)
p=1

224  The estimates are obtained by maximizing the following marginal likelihood function,

225 L[B, oD |xip] = S [Ty L [(B, 0D ] g (wy)duy ]

226  Theformulafor ICCis(62), p = 20’%”2.

oy, 3

227  Given the extensive number of covariates and the comparative nature of the study, relying solely
228  on tabular data can obscure significant trends. Therefore, we utilized forest plots to synthesize
229  the findings from the mixed-effect models. Although commonly used in meta-analysis, this
230  approach is particularly valuable here for visualizing high-dimensional data. It allows readers to
231  intuitively compare the effect sizes across the two survey waves and easily identify temporal
232 shiftsinrisk factors, such as variables that gained or lost statistical significance between 2017-18

233 and 2022.
234  Results
235  Univariate Analysis

236 We initiated the analysis by examining the distribution of selected variables across the two
237  survey periods, as detailed in Supplementary Table S1. The pooled analytic sample included
238 12,091 weighted participants from BDHS 2017-18 and 13,594 from BDHS 2022. In 2017-18,
239 females constituted 57% of the sample, slightly decreasing to 55% in 2022. The age distribution

240  shifted towards an older demographic over time; the proportion of participants aged over 40

12
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years increased from 40% in 2017-18 to 44% in 2022. A notable shift was observed in body
mass index (BMI) categories, the prevalence of overweight individuals decreased from 72% in
2017-18 to 64% in 2022, while the thin category rose from 4.7% to 7.2%. Regarding
socioeconomic factors, the distribution of wealth remained relatively stable, with each quintile
representing approximately 20% of the population in both surveys. Smoking preval ence dropped

from 14% in 2017-18 to 10% in 2022.

Prevalence of Diabetes Mellitus and Hypertension in Bangladesh

60
COVID-19 pandemic period (<2020-2021)]
I 0,
i : 4-9|-/°
e
|
|
40 I
~ |
= |
§ 301 I [[] piabetes melitus (DM)
% D Hypertension (HTN)
a 23% 22% !
=y |
—-= ==
204 |
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==
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10 I
|
I
0 T I T
2017-18 2022

BDHS 201718 (Pre-COVID) vs BDHS 2022 (Post-COVID) with 85% Cls

Figure 1: Prevalence shiftsin diabetes mellitus and hypertension in Bangladesh (BDHS 2017-18

Vs 2022).

The two survey waves reveal an unprecedented divergence in cardiometabolic disease burden

(Figure 1). HTN prevalence declined modestly from 22% in 2017-18 to 15% in 2022; in stark

13
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252 contrast, DM prevalence increased dramatically, more than doubling from 23% to 49% within a
253  four-year interval. This magnitude of change signals a rapid and substantial restructuring of

254  metabolic risk in the Bangladeshi adult population.

255  Bivariate analysis

256  Hypertension:

257  The bivariate distribution of hypertension (Table 1) reveals distinct patterns. In both surveys,
258  Age, BMI, Diabetes status, Division, Education, and Wealth Index were significantly associated
259  with hypertension (p<0.001). Older age (>40 years) consistently showed higher hypertension
260  rates (67% of cases in 2017-18 and 74% of cases in 2022). A divergence was noted in other
261  factors. Sex was not associated with hypertension in 2017-18 (p=0.517) but became significant
262 in 2022 (p<0.001), with females comprising a larger share of hypertensive cases. Similarly,
263  Smoking Status was significantly associated with hypertension in 2017-18 (p=0.001) but lost
264  significance in 2022 (p=0.951). Place of Residence (Urban/Rural) was not significantly

265  associated with hypertension in either year.

266 Diabetes:

267 The chi-square test was employed to assess the association between diabetes and selected
268  covariates (Table 2). In both 2017-18 and 2022, Age group, BMI category, Hypertension status,
269  administrative Division, place of Residence, and Wealth index were significantly associated with
270  diabetes (p<0.001). In both years, individuals aged >40 years had a higher prevalence of diabetes
271 compared to younger participants. The relationship with wealth was consistent; individuals in the
272  Richest quintile exhibited the highest prevalence of diabetes in both 2017-18 (32%) and 2022

273 (24%). However, some associations evolved over time. Smoking status was not significantly

14
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274  associated with diabetes in 2017-18 (p=0.980) but showed a significant association in 2022

275  (p<0.001). Conversely, Education level was not statistically associated with diabetes in either

276 survey year (p>0.05)

277  Table 1 Thedistribution of Hypertension by sociodemographic variables

2017-18 2022
No Yes No Yes
Variables P-Value? P-Value?
N = 9,399" N =2,692" N =11,527* N =2,067"
Sex 0.517 <0.001
Female 5,358 (57%) 1,555 (58%) 6,210 (54%) 1,313 (64%)
Male 4,041 (43%) 1,136 (42%) 5,317 (46%) 754 (36%)
Age <0.001 <0.001
<40 years 6,355 (68%) 901 (33%) 7,085 (61%) 540 (26%)
>40 years 3,044 (32%) 1,791 (67%) 4,442 (39%) 1,527 (74%)
BMI <0.001 0.005
Thin 524 (5.6%) 46 (1.7%) 860 (7.5%) 124 (6.0%)
Normal 2,437 (26%) 347 (13%) 3,303 (29%) 544 (26%)
Overweight 6,438 (68%) 2,299 (85%) 7,363 (64%) 1,399 (68%)
Diabetic <0.001 0.030
No 7,391 (79%) 1,917 (71%) 5,976 (52%) 1,004 (49%)

15
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2017-18 2022
No Yes No Yes
Variables P-Value® P-Value®
N = 9,399* N = 2,692 N = 11,527 N =2,067"
Yes 2,008 (21%) 774 (29%) 5,551 (48%) 1,063 (51%)
Division <0.001 <0.001
Barisal 495 (5.3%) 171 (6.4%) 733 (6.4%) 111 (5.4%)
Chattogram 1,608 (17%) 474 (18%) 2,099 (18%) 355 (17%)
Dhaka 2,261 (24%) 529 (20%) 2,594 (23%) 433 (21%)
Khulna 1,137 (12%) 373 (14%) 1,390 (12%) 274 (13%)
Mymensingh 814 (8.7%) 174 (6.5%) 1,006 (8.7%) 144 (7.0%)
Rajshahi 1,327 (14%) 424 (16%) 1,495 (13%) 364 (18%)
Rangpur 1,121 (12%) 393 (15%) 1,387 (12%) 269 (13%)
Sylhet 636 (6.8%) 153 (5.7%) 823 (7.1%) 116 (5.6%)
0.732 0.299
Residence
Rural 6,914 (74%) 1,969 (73%) 8,500 (74%) 1,494 (72%)
Urban 2,486 (26%) 722 (27%) 3,027 (26%) 573 (28%)
<0.001 <0.001
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2017-18 2022
No Yes No Yes
Variables P-Value® P-Value®
N = 9,399* N = 2,692 N = 11,527 N =2,067"
Education
No Education 2,152 (23%) 956 (36%) 2,720 (24%) 825 (40%)
Primary 2,852 (30%) 766 (28%) 2,965 (26%) 509 (25%)
Secondary 2,912 (31%) 650 (24%) 4,031 (35%) 504 (24%)
Higher 1,478 (16%) 319 (12%) 1,801 (16%) 228 (11%)
Wealth Index <0.001 <0.001
Poorest 1,875 (20%) 463 (17%) 2,178 (19%) 306 (15%)
Poorer 1,894 (20%) 496 (18%) 2,398 (21%) 427 (21%)
Middle 1,936 (21%) 557 (21%) 2,321 (20%) 392 (19%)
Richer 1,868 (20%) 540 (20%) 2,387 (21%) 445 (22%)
Richest 1,826 (19%) 636 (24%) 2,242 (19%) 497 (24%)
Smoking Status 0.001 0.951

No

Yes

8,123 (86%)

1,272 (14%)

2,255 (84%)

436 (16%)

10,315 (90%)

1,194 (10%)

1,854 (90%)

213 (10%)

n (%)
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2017-18 2022
No Yes No Yes
Variables P-Value® P-Value®
N = 9,399" N =2,692" N = 11,527 N =2,067"
’Pearson's y2: Rao & Scott adjustment
278
279  Table 2 Thedistribution of Diabetes by sociodemographic variables
2017-18 2022
No Yes No Yes
Variables P-Value® P-Value?
N = 9,308" N =2,783" N = 6,980" N = 6,614"
sex 0.564 0.166
Female 5,336 (57%) 1,577 (57%) 3,903 (56%) 3,620 (55%)
Male 3,972 (43%) 1,205 (43%) 3,077 (44%) 2,994 (45%)
Age <0.001 <0.001
<40 years 5,818 (63%) 1,438 (52%) 4,287 (61%) 3,338 (50%)
>40 years 3,490 (37%) 1,345 (48%) 2,692 (39%) 3,277 (50%)
BMI <0.001 <0.001
Thin 474 (5.1%) 96 (3.4%) 579 (8.3%) 405 (6.1%)
Normal 2,265 (24%) 518 (19%) 2,108 (30%) 1,739 (26%)
Overweight 6,568 (71%) 2,169 (78%) 4,292 (61%) 4,470 (68%)
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2017-18 2022
No Yes No Yes
Variables P-Value? P-Value?
N = 9,308" N =2,783" N = 6,980 N = 6,614"
Hypertensive <0.001 0.030
No 7,391 (79%) 2,008 (72%) 5,976 (86%) 5,551 (84%)
Yes 1,917 (21%) 774 (28%) 1,004 (14%) 1,063 (16%)
Division <0.001 <0.001
Barisal 504 (5.4%) 163 (5.9%) 459 (6.6%) 385 (5.8%)
Chattogram 1,575 (17%) 506 (18%) 1,143 (16%) 1,312 (20%)
Dhaka 1,805 (19%) 986 (35%) 1,303 (19%) 1,724 (26%)
Khulna 1,239 (13%) 271 (9.7%) 944 (14%) 720 (11%)
Mymensingh 800 (8.6%) 188 (6.7%) 702 (10%) 449 (6.8%)
Rajshahi 1,458 (16%) 293 (11%) 1,154 (17%) 706 (11%)
Rangpur 1,302 (14%) 212 (7.6%) 825 (12%) 831 (13%)
Sylhet 625 (6.7%) 164 (5.9%) 452 (6.5%) 488 (7.4%)
Residence <0.001 <0.001
Rural 7,050 (76%) 1,833 (66%) 5,426 (78%) 4,568 (69%)
Urban 2,259 (24%) 949 (34%) 1,554 (22%) 2,047 (31%)
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2017-18 2022
No Yes No Yes
Variables P-Value? P-Value?
N = 9,308" N =2,783" N = 6,980 N = 6,614"
Education 0.917 0.126
No Education 2,379 (26%) 729 (26%) 1,784 (26%) 1,761 (27%)
Primary 2,802 (30%) 816 (29%) 1,739 (25%) 1,736 (26%)
Secondary 2,739 (29%) 823 (30%) 2,372 (34%) 2,164 (33%)
Higher 1,385 (15%) 411 (15%) 1,082 (16%) 947 (14%)
Wealth Index <0.001 <0.001
Poorest 1,943 (21%) 395 (14%) 1,461 (21%) 1,023 (15%)
Poorer 2,012 (22%) 377 (14%) 1,580 (23%) 1,245 (19%)
Middle 2,026 (22%) 467 (17%) 1,390 (20%) 1,323 (20%)
Richer 1,767 (19%) 640 (23%) 1,382 (20%) 1,450 (22%)
Richest 1,559 (17%) 903 (32%) 1,167 (17%) 1,573 (24%)
Smoking Status 0.980 <0.001

No

Yes

7,991 (86%)

1,315 (14%)

2,387 (86%)

393 (14%)

6,409 (92%)

563 (8.1%)

5,760 (87%)

844 (13%)
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2017-18 2022
No Yes No Yes
Variables P-Value? P-Value?
N = 9,308* N = 2,783 N = 6,980" N = 6,614"

n (%)

’Pearson's y%: Rao & Scott adjustment

280
281  Multivariate Analysis
282  Hypertension

283  To account for potential confounders, we performed a mixed-effects logistic regression (Table
284  3). Age was the strongest predictor in both years, with the odds of hypertension for those aged
285  >40 years increasing from 3.57 (95% Cl: 3.20-3.98) in 2017-18 to 4.03 (95% ClI: 3.57-4.56) in
286  2022. The protective effect of Education was consistent; higher education was associated with
287  lower odds of hypertension in both 2017-18 (AOR: 0.72) and 2022 (AOR: 0.64) compared to no
288  education. Wesalth also displayed a consistent graded association; the richest individuals had
289  dggnificantly higher odds of hypertension in both 2017-18 (AOR: 1.66) and 2022 (AOR: 1.78).
290 BMI showed variation: being overweight was a significant risk factor in 2017-18 (AOR: 1.67)
291  but was not significant in the 2022 mixed model (AOR: 1.06; 95% CI: 0.94-1.19). Similarly,
292  Diabetes status was a significant predictor in 2017-18 (AOR 1.33) but was not significant in

203 2022 (p=0.594).

294 Table 3 Adjusted odds ratio (AOR), 95% confidence intervals, and P-value from mixed effect

295  logistic regression model for hypertension
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Adjusted Adjusted
Variables 95% ClI p-value 95% ClI p-value
OR OR

Age <0.001 <0.001
<40 years — — — —
>40 years 3.57 3.20, 3.98 4.03 3.57, 4.56

BMI <0.001 0.019
Normal — — — —
Thin 0.61 0.44,0.85 0.79 0.63, 0.98
Overweight 1.67 1.46, 1.90 1.06 0.94,1.19

Diabetic <0.001 0.594
No — — — —
Yes 1.33 1.19,1.48 1.03 0.92, 1.15

Division <0.001 0.003
Barisal — — — —
Chattogram 0.77 0.60, 1.00 1.08 0.81,1.44
Dhaka 0.57 0.44,0.74 0.99 0.74,1.31
Khulna 0.83 0.64, 1.08 1.14 0.85,1.54
Mymensingh 0.58 0.43,0.78 0.89 0.65, 1.23
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Adjusted Adjusted
Variables 95% ClI p-value 95% ClI p-value
OR OR
Rajshahi 0.91 0.70, 1.18 1.44 1.08, 1.93
Rangpur 1.06 0.82,1.38 1.27 0.94,1.70
Sylhet 0.66 0.49, 0.89 0.93 0.66, 1.30
Education 0.005 <0.001
No Education — — — —
Primary 0.87 0.77,0.99 0.80 0.70, 0.92
Secondary 0.86 0.74, 0.99 0.71 0.62,0.83
Higher 0.72 0.60, 0.87 0.64 0.53,0.78
Wealth Index <0.001 <0.001
Poorest — — — —
Poorer 1.06 0.90, 1.24 1.24 1.05, 1.48
Middle 1.20 1.03,1.41 1.24 1.04, 1.49
Richer 1.32 1.12,1.56 1.45 1.21,1.74
Richest 1.66 1.39, 1.99 1.78 1.47,2.17
Smoking Status 0.007 0.846
No — — — —
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Adjusted Adjusted
Variables 95% ClI p-value 95% ClI p-value
OR OR
Yes 0.83 0.73,0.95 1.02 0.84,1.23

296

297 Table 4 Adjusted odds ratio (AOR), 95% confidence intervals, and P-value from mixed effect

298 logistic regression model for diabetes

Adjusted Adjusted
Variables 95% ClI p-value 95% ClI p-value
OR OR
Age <0.001 <0.001
<40 years — — — —
>40 years 1.66 1.50, 1.83 1.89 1.74, 2.05
BMI 0.144 <0.001
Normal — — — —
Thin 0.96 0.74,1.25 0.83 0.70, 0.98
Overweight 1.11 0.99, 1.26 1.22 1.11,1.33
Hypertensive <0.001 0.009
No — — — —
Yes 1.35 1.21,1.52 1.17 1.04,1.31
Division <0.001 <0.001
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Adjusted Adjusted
Variables 95% ClI p-value 95% ClI p-value
OR OR
Barisal — — — —
Chattogram 0.85 0.63, 1.15 1.50 1.00, 2.25
Dhaka 1.51 1.12, 2.03 1.70 1.14, 2.54
Khulna 0.57 0.41,0.78 0.88 0.58, 1.34
Mymensingh 0.72 0.51, 1.00 0.78 0.51, 1.20
Rajshahi 0.56 0.41, 0.77 0.70 0.46, 1.06
Rangpur 0.49 0.35, 0.67 1.27 0.83,1.92
Sylhet 0.72 0.51,1.02 1.49 0.96, 2.32
Residence 0.492 <0.001
Rural — — — —
Urban 1.06 0.90, 1.25 1.62 1.31,2.01
Wealth Index <0.001 <0.001
Poorest — — — —
Poorer 0.87 0.73,1.04 1.00 0.87,1.14
Middle 1.04 0.87,1.23 1.02 0.89, 1.18
Richer 1.40 1.18, 1.67 1.25 1.08,1.44
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Adjusted Adjusted
Variables 95% ClI p-value 95% ClI p-value
OR OR
Richest 2.05 1.71, 2.46 1.39 1.19, 1.62
299
300 Diabetes

301 The mixed-effects logistic regression for hypertension (Table 4) highlighted sustained risk
302 factors. Age remained a robust predictor in both periods. Individuals aged > 40 years had
303  significantly higher odds of diabetes in both 2017-18 (AOR: 1.66; 95% CI: 1.50-1.83) and 2022
304 (AOR: 1.89; 95% CI: 1.74-2.05) compared to those aged < 40 years. The impact of BM1 shifted,
305 being overweight was not statistically significant in 2017-18 (AOR 1.11; p=0.144) but became a
306  significant risk factor in 2022 (AOR: 1.22; 95% CI: 1.11-1.33). Hypertension status was
307 consistently associated with higher odds of diabetes in both 2017-18 (AOR: 1.35) and 2022
308 (AOR: 1.17). Notably, the urban-rural divide widened. Place of residence was not significant in
309 2017-18 (AOR: 1.06; p=0.492) but in 2022, urban residents had 62% higher odds of diabetes
310 compared to rural residents (AOR: 1.62; 95% CI: 1.31-2.01). Wealth status maintained a positive
311 gradient, though the magnitude attenuated dlightly; the richest quintile had 2.05 times higher

312  oddsin 2017-18 and 1.39 times higher oddsin 2022 compared to the poorest.

313  Forest Plot

314  Figure 2 presents the forest plot of adjusted odds ratios (AOR) for the determinants of diabetes
315 and hypertension, visually comparing the magnitude of associations between the 2017-18 and

316 2022 survey periods.

317
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Figure 2: Comparative forest plot of adjusted odds ratios for determinants of Diabetes and
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The left pand of Figure 2 illustrates the factors associated with Diabetes Méllitus. The plot

emphasizes the emergence of urban residence as a significant determinant in the post-pandemic

period; in 2022, urban residents exhibited 62% higher odds of having diabetes (AOR: 1.62; 95%

Cl: 1.31-2.01) compared to rural residents, a significant increase from the non-significant

association observed in 2017-18 (AOR: 1.06). Age remained a consistent predictor, with

individuals aged over 40 years demonstrating 89% greater odds (AOR: 1.89; 95% ClI: 1.74-2.05)
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328 in 2022 compared to those aged 40 years or younger. The wealth gradient persisted but showed
329  attenuation; individuals in the richest wealth quintile had 105% higher odds (AOR: 2.05) in
330 2017-18, which decreased to 39% higher odds (AOR: 1.39; 95% Cl: 1.19-1.62) in 2022 relative
331 to the poorest quintile. Additionally, hypertensive individuals showed 17% higher odds of

332 diabetes (AOR: 1.17) in 2022.

333 The right panel of Figure 2 displays the odds ratios for Hypertension. Age was the most
334 dominant driver, with the odds of hypertension for individuals aged over 40 years increasing
335 from 3.57 in 2017-18 to 4.03 times (AOR: 4.03; 95% ClI: 3.57-4.56) in 2022 compared to the
336  younger age group. A marked shift was observed regarding body mass index; while overweight
337 individuals had 67% higher odds (AOR: 1.67) in 2017-18, this association was not statistically
338  dggnificant in 2022 (AOR: 1.06; 95% CI: 0.94-1.19). Education demonstrated a consstent
339  protective effect; in 2022, individuals with secondary and higher education exhibited 29%
340 (AOR: 0.71) and 36% (AOR: 0.64) lower odds of hypertension, respectively, compared to those
341 with no education. Conversely, the wealthiest individuals experienced 78% higher odds (AOR:

342 1.78; 95% ClI: 1.47-2.17) of hypertension in 2022 compared to the poorest group.

343  Modd Sedlection

344  To identify the most appropriate statistical models, both fixed-effect and mixed-effects logistic
345  regression models were fitted for all outcomes. The mixed-effects logistic regression models,
346  incorporating a random intercept at the Primary Sampling Unit (PSU) level, were selected for the
347  fina interpretation to effectively account for the hierarchical clustering of the survey design.
348  Modéd performance comparisons, detailed in Supplementary Table $4, confirmed that the mixed-
349  effects approach provided a superior fit, evidenced by consistently lower Akaike Information

350 Criterion (AIC) values across both survey years. For instance, in the 2022 diabetes model, the
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351  AIC demonstrated a substantial reduction from 18,222.1 in the fixed-effect model to 16,332.6 in
352  the mixed-effects model, indicating a significant improvement in model fit. This superiority was
353  statistically validated by Likelihood Ratio Tests (LRTSs), which yielded p-values <0.001 for both

354  hypertension and diabetes across both survey rounds.

355  Furthermore, the ICC underscored the necessity of accounting for cluster-level heterogeneity.
356  The ICC values for hypertension were 0.046 in 2017-18 and 0.061 in 2022, indicating that 4.6%
357 to0 6.1% of the variance in hypertension status was attributable to between-cluster differences.
358  Notably, the clustering effect was more pronounced for diabetes, with the ICC rising from 0.111
359 in 2017-18 to 0.281 in 2022. Multicollinearity was assessed prior to modelling, and no

360  problematic multicollinearity was observed (all Generalized Variance Inflation Factors < 5).

361 Discussion

362  This study examined both changes in disease prevalence and shifts in associated risk factors for
363 DM and HTN among Bangladeshi adults before and after the COVID-19 pandemic. Using two
364 nationally representative BDHS datasets (2017-18 and 2022), we demonstrate a pronounced
365 divergence in NCD traectories: diabetes prevalence nearly doubled, while hypertension
366  prevalence declined. Beyond documenting these temporal trends, the analysis identifies how
367 demographic, socioeconomic, biomedical, and community-level determinants evolved in the
368  post-pandemic period. By integrating prevalence patterns with multilevel risk factor analysis,
369 this study provides a comprehensive assessment of how the pandemic reshaped the NCD

370  landscape in Bangladesh.

371 Key Findings and Contextualization
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372 The most striking observation is the shift of this disease burden: diabetes prevalence more than
373  doubled from 23% in 2017-18 to 49% in 2022. This abrupt rise aligns with a growing body of
374 global evidence linking SARS-CoV-2 infection to metabolic dysregulation. Recent meta-
375  analyses have reported a 46% to 60% increased risk of diabetes following COVID-19 infection,
376  suggesting that the pandemic functioned as a mass accelerator for the disease (59, 61). Thissurge
377 is likely driven by the direct viral damage to pancreatic beta-cells and the indirect effects of
378  pandemic-induced lifestyle changes (63). In the context of Bangladesh, specific gut microbiome
379  dysbiosis observed in post-COVID patients with T2DM may further explain this localized
380  surge(64). In contradiction, our study observed a decline in hypertension prevalence (22% to
381  15%), a finding that diverges from longitudinal studies where hypertension incidence increased
382  post-pandemic (65). This difference may be partialy attributed to surviva bias. Evidence from
383  Bangladesh indicates that patients with co-occurring CVD (Cardiovascular Disease), T2DM, and
384 COVID-19 faced a 3.65-times higher risk of fatality (66). It is plausible that a significant cohort
385 of hypertensive individuals were lost to COVID-19 mortality, statistically suppressing the

386  prevalencein the surviving 2022 population(67, 68).

387  The mixed-effect logistic regression models revealed an evolving relationship between DM and
388  HTN, where the robust bidirectional association observed in 2017-18 partially dissociated in the
389  post-pandemic period. While hypertensive individuals in 2022 continued to face significantly
390 higher odds of developing diabetes (AOR = 1.17; 95% CI: 1.04-1.31), diabetes status lost its
391  datistical significance as an independent predictor for hypertension (AOR = 1.03; p=0.594). This
392  divergence, potentially reflecting improved NCD management or COVID-19 related survival
393  bias, underscores the critical need for integrated screening programs as these conditions continue

394  tointensify morbidity in Bangladesh (63-65).
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395 Age emerged as a predominant predictor for both conditions. In 2022, individuals over 40 years
396  not only faced 4.03 times higher odds of HTN but also exhibited a profoundly increased risk for
397 DM (AOR =1.89; 95% ClI: 1.74-2.05). These paralle trends corroborate studies highlighting the
398 rising incidence of cardiometabolic NCDs among aging populations, as cumulative exposure to
399 lifestyle risk factors, progressive pancreatic beta-cell decline, and reduced metabolic resilience
400 jointly drive disease progression (69). Furthermore, post-COVID cohort data indicate that older
401  populations (>40 years) endured the most severe acute viral outcomes, triggering systemic
402  inflammation that may further exacerbate subsequent NCD complications and rapidly accelerate

403  theclinical onset of diabetes (67, 70) .

404

405 Body mass index (BMI) emerged as a central determinant of both DM and HTN. Overweight
406 individuals exhibited significantly higher odds of DM in both survey periods;, however, the
407  influence of obesity became more pronounced in the post-pandemic period. This pattern aligns
408  with findings from a national survey reporting a marked increase in obesity-related odds ratios
409 for diabetes in 2022(71). Similar evidence from Bangladesh has demonstrated that a BMI >22.5
410 kg/m? elevates the risk of both DM and HTN (72-74). Interestingly, overweight status was no
411 longer significantly associated with hypertension in 2022, in contrast to earlier observations.
412  Nevertheless, normal BMI remained significantly protective against elevated blood pressure

413 when compared with obesity, consistent with recent regional findings (62).

414  Socioeconomic disparities reflected a dual burden of non-communicable diseases. Individuals
415  from higher wealth quintiles had significantly greater odds of DM, consistent with studies
416 linking affluence to calorie-dense diets and sedentary lifestyles (71). However, this

417  socioeconomic gradient reduced in 2022, with adjusted odds ratios declining from 2.27 to 1.57,
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418  suggesting a possible democratization of diabetes risk. In contrast, lower SES remained
419  dgnificantly associated with HTN prevalence, likely driven by psychosocial stress, limited
420  access to healthcare, and poorer dietary quality (75). Higher educational attainment continued to
421 demonstrate a protective effect againg HTN, plausibly mediated through improved health
422  literacy and healthier behavioral practices. This observation is consistent with recent evidence

423  indicating that the pandemic widened educational inequalitiesin cardiovascular risk (71).

424  Substantial geographic and community-level disparities were also evident. Residents of the
425 Dhaka division continued to experience a disproportionately high burden of NCDs, potentially
426  reflecting rapid urbanization and greater exposure to processed foods. A nove finding was the
427  emergence of urban residence as a significant risk factor for diabetes in 2022 (AOR = 1.62), a
428  relationship not observed in 2017-18. This result is consistent with regional studies showing that
429  predominantly urban occupational groups, such as private and self-employed workers, faced
430 heightened metabolic risks during the pandemic(62) . Moreover, the ICC vaues in diabetes
431  modd increased prominently to 0.281 in 2022, indicating that 28.1% of the variability in
432  diabetes prevalence was attributable to community-level factors. This sharp rise underscores the
433  growing importance of contextual determinants, such as neighborhood healthcare capacity and
434  |ocal economic resilience, in shaping post-pandemic diabetes risk and reinforces the value of a

435  mixed-effects analytical approach.

436  Strengths and Limitations

437  Our study has several distinct strengths that enhance the reliability of these findings. Primarily,
438  the use of nationally representative data from two critical time points, the 2017-18 and 2022
439  BDHS survey alow for a uniquely robust comparison of the epidemiological landscape before

440  and after the COVID-19 pandemic. This ensures that our insights are generalizable not just to the
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441  adult population of Bangladesh but also offer a reference point for other LMICs navigating
442  similar post-pandemic transitions. Furthermore, we avoided the pitfalls of self-reported health
443  data by relying on objective biomarker measurements for blood glucose and blood pressure,
444  dtrictly adhering to WHO guidelines to minimize misclassification bias. Methodologically, the
445  application of mixed-effect logistic regression models was a crucial choice; by accounting for the
446  hierarchical structure of the data, we were able to quantify the significant rise in community-
447  level variance (ICC) for diabetes, a nuance that conventional regression models would have
448  missed. Finally, by adjusting for a comprehensive selection of sociodemographic and behavioral
449  covariates, we ensured a rigorous assessment of the shifting risk profiles.

450  We must, however, acknowledge several limitations. The cross-sectional nature of the surveys
451  prevents us from establishing causal pathways,; while we observe strong associations, we cannot
452  definitively prove the temporal sequence of exposure and disease onset at the individual level. A
453  gpecific challenge in this comparative analysis was the lack of direct data on participants
454  COVID-19 infection history or vaccination status, limiting our ability to directly link viral
455  exposure to metabolic outcomes. We also cannot rule out survival bias as a contributing factor to
456  the observed decline in hypertension; it is plausible that individuals with severe comorbidities
457  faced higher mortality during the pandemic, potentially suppressing prevalence rates in the 2022
458  dataset. Additionally, while biomarkers ensured accurate diagnosis, certain risk factors like
459  smoking and media exposure relied on self-reporting, which is subject to recall bias. Finaly, the
460  absence of detailed data on dietary habits, physical activity, and genetic factors in the BDHS
461  limits our ability to thoroughly examine the behavioral mechanisms driving these trends.

462  To bridge these gaps, future research needs to shift toward longitudinal or cohort studies that can

463  distinguish between temporary pandemic shocks and permanent epidemiological changes. There
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464 isaso aclear need for qualitative research to unpack the urban penalty we observed, alongside
465  studies incorporating more detailed data on diet and physical activity to better understand the
466  behavioral roots of this diabetes rise.

467  Conclusion

468  The burden of NCDs in Bangladesh has shifted markedly in the aftermath of the COVID-19
469  pandemic. While HTN prevalence declined, DM prevalence nearly doubled within a four-year
470  period, indicating a rapid escalation of metabolic risk. This contrast suggests that the pandemic
471 did not uniformly affect NCDs but instead accelerated DM through a combination of biological
472  effects, lifestyle disruption, and uneven accessto care.

473  Theanalysis further shows that DM risk isincreasingly shaped by where people live, not only by
474 who they are. The emergence of urban residence and the sharp rise in community-level
475  variability highlight the growing importance of local environments, health system capacity, and
476  socioeconomic context. Additionally, our multilevel modeling proves that geographic context
477  matters more than ever in the post-pandemic era. Furthermore, the weakening of the previously
478  bidirectional relationship between diabetes and hypertension suggests changing survival patterns
479  and post-pandemic treatment dynamics.

480  Achieving SDG Target 3.4 will require a strategic shift from uniform national approaches toward
481 targeted, community-specific interventions, particularly in rapidly urbanizing aress.
482  Strengthening early detection, improving continuity of care, and addressing urban metabolic risk
483  factors are essential to prevent diabetes from becoming an overwhelming long-term public health
484  burden in Bangladesh.

485
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Division: Khulnha

Division: Mymensingh

Division: Rajshahi

Division: Rangpur

Division: Sylhet

Diabetes
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Age: >40 years
BMI: Overweight
BMI: Thin
Wealth: Middle
Wealth: Poorer
Wealth: Richer
Wealth: Richest

Division: Chattogram

Division: Dhaka
Division: Khulnha
Division: Mymensingh
Division: Rajshahl
Division: Rangpur
Division: Sylhet
Diabetes: Yes

Smoking: Yes

—ducation: Higher
Education: Primary

Education: Secondary

Adjusted Odds Ratio (log scale)

Hypertension
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