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Abstract 20 

 21 

Background: Secondary analyses of complex surveys and routine health information systems 22 

require source-specific methodological safeguards, but published reports do not always 23 

distinguish documented analytical incompatibility from incomplete reporting. We estimated how 24 



 

often data-generating structure, inferential target, statistical method and interpretation were 25 

aligned in contemporary East African analyses of Demographic and Health Survey (DHS), 26 

Multiple Indicator Cluster Survey (MICS) and DHIS2 data. 27 

 28 

Methods: We conducted a systematic methodological study of peer-reviewed single-country 29 

analyses published from January 2020 through August 2026. The identified eligible frame 30 

contained 466 publications (377 DHS/MICS and 89 DHIS2). A stratified probability sample of 31 

127 publications was coded across four linked domains as aligned, materially misaligned, 32 

insufficiently reported or not applicable, with finite-population inference; 26 publications were 33 

independently coded for reliability. A prespecified Rwanda illustration compared full survey-34 

design, unweighted and weights-only analyses. 35 

 36 

Results: Fully aligned publications were estimated at 38.7% for DHS/MICS and 40.7% for 37 

DHIS2. Material misalignment was 17.3% and 39.2%, while insufficient reporting was 44.0% 38 

and 20.1%, respectively. The proportion not fully aligned was 61.3% for DHS/MICS and 59.3% 39 

for DHIS2 (difference -2.0 percentage points, 95% confidence interval -15.6 to 11.6). Among not 40 

fully aligned publications, documented material misalignment accounted for 28.2% of the 41 

DHS/MICS total and 66.1% of the DHIS2 total. Overall pre-adjudication agreement was 84.6% 42 

(Cohen kappa 0.733; Gwet AC1 0.785). In the 2025 Rwanda DHS, unweighted and weights-only 43 

prevalence standard errors were 61.8% and 67.5% of the full-design standard error; the higher-44 

education odds ratio was 8.34 unweighted versus 6.33 with the full survey design. 45 

 46 



 

Conclusions: Similar overall proportions not fully aligned masked different methodological 47 

problems: insufficient observability predominated in DHS/MICS, whereas documented 48 

incompatibility contributed more in DHIS2. Methodological assessment and reporting should 49 

separate demonstrated misalignment from missing information and apply source-specific 50 

safeguards for complex survey design and routine-data provenance, denominators, completeness 51 

and temporal structure. 52 

 53 

Keywords: complex surveys; data quality; DHIS2; methodological study; meta-research; routine 54 

health information systems; secondary data; survey methods 55 

 56 

Background 57 

 58 

Methodological studies evaluate the design, analysis or reporting of other research and can 59 

identify threats to the validity and interpretability of published evidence [1]. Secondary health 60 

data are a particularly important setting because the same statistical procedure can be appropriate 61 

or inappropriate depending on how observations were generated and what quantity is being 62 

estimated. In the East African Community (EAC), two data ecosystems are especially influential. 63 

Demographic and Health Surveys (DHS) and Multiple Indicator Cluster Surveys (MICS) are 64 

designed probability samples intended to support population inference, whereas routine health 65 

information systems, commonly implemented through DHIS2, record service and surveillance 66 

data generated through health-system processes. Valid secondary analysis therefore depends on 67 

alignment between the data-generating structure, inferential target, statistical method, uncertainty 68 

calculation and interpretation. 69 



 

 70 

Concern about secondary analysis of complex surveys is longstanding. Bell and colleagues 71 

reviewed 1,003 empirical articles using three large health surveys and found that only 60% 72 

reported accounting for design effects and 61% reported using sample weights [2]. West, 73 

Sakshaug and Aurelien subsequently examined analytic errors in secondary analyses of national 74 

survey data and showed that incorrect handling of complex designs can materially alter estimates 75 

and standard errors [3]. These studies establish an important scholarly lineage for the present 76 

work. Our contribution is not to rediscover that complex-survey analysis can be mishandled, but 77 

to distinguish positively documented incompatibility from insufficient reporting and to place 78 

survey and routine-data analyses within the same structure-to-target-to-method-to-interpretation 79 

framework. 80 

 81 

For DHS analyses, official guidance emphasises sampling weights, clusters or primary sampling 82 

units, strata and design-appropriate variance estimation [4]. Methodological work using 83 

Tanzanian survey data has likewise shown that weighting and variance choices can alter bias, 84 

variance and confidence-interval performance [5]. A multilevel model can address hierarchical 85 

structure, but it does not automatically substitute for design-based survey inference. The relevant 86 

question is whether the method matches the estimand and the features of the survey design that 87 

matter for that estimand. 88 

 89 

Routine facility data require different safeguards. World Health Organization guidance for 90 

routine health information systems highlights representativeness, completeness and timeliness, 91 

internal consistency, population denominators and interpretation as core analytical concerns [6, 92 



 

7]. Empirical assessments across Eastern and Southern Africa have documented outliers, 93 

temporal inconsistencies and denominator problems even where reporting completeness is high 94 

[8]. DHIS2 methodological work has similarly emphasised missing-versus-zero ambiguity, 95 

unstable or poorly documented denominators, heterogeneous indicator quality and the need for 96 

explicit cleaning and validation workflows [9]. Related routine-data literature has addressed 97 

evaluation design [10], missing-data handling [11] and strengthening information systems for 98 

analysis and data use [12]. These are not peripheral data-management issues: they can change the 99 

meaning of a rate, trend, association or intervention contrast. 100 

 101 

Previous survey-methods and routine-data literatures have largely developed in parallel. A cross-102 

source comparison therefore needs a framework that respects source-specific structures without 103 

treating the domains as interchangeable or statistically independent. We used four linked 104 

diagnostic domains: D1, data-generating structure; D2, inferential goal; D3, statistical method; 105 

and D4, reporting or interpretation. These domains form a diagnostic chain rather than four 106 

independent latent traits. 107 

 108 

We conducted a systematic methodological study and meta-research analysis of contemporary 109 

single-country EAC studies using DHS, MICS or DHIS2 data. Our primary objective was to 110 

estimate, within an identified eligible publication frame, the frequency and pattern of full 111 

alignment, positively documented material misalignment and insufficient reporting. We also 112 

examined prespecified source-specific sentinel problems, assessed inter-reviewer reliability and 113 

used an independently frozen Rwanda survey analysis to illustrate the inferential consequences 114 

of one recurrent review finding. 115 



 

 116 

 117 

 118 

Methods 119 

 120 

Study design, protocol, and registration 121 

 122 

We conducted a systematic methodological study of published secondary-data analyses, with the 123 

article as the unit of analysis. The design combined a systematic review frame with probability-124 

based methodological coding and finite-population inference. It was not a pooled analysis of 125 

published effect estimates or a bibliometric analysis. The protocol prespecified separate primary 126 

reporting for designed household-survey analyses and routine-health-information analyses and 127 

defined the four linked domains D1 to D4. 128 

 129 

The protocol, eligibility rules, coding framework, sampling strategy and reviewer instructions 130 

were frozen before production methodological outcome coding. The Open Science Framework 131 

registration was made public on 20 August 2026 [13]. Search development and execution, 132 

candidate-frame construction, calibration and instrument freeze had occurred before registration. 133 

Main title-abstract eligibility decisions, full-text eligibility decisions, detailed methodological 134 

outcome coding, publication-sample selection and the Rwanda consequence analysis had not 135 

begun. This prospective boundary is retained in the audit trail. The review is reported in 136 

accordance with PRISMA 2020 where applicable to this systematic methodological study [14]; a 137 

completed checklist is provided in Supplementary Table S8 (Additional file 1). 138 



 

 139 

Eligibility 140 

 141 

Eligible articles were peer-reviewed full original research articles published from 1 January 2020 142 

through the final August 2026 search, with a primary single-country analysis from Burundi, the 143 

Democratic Republic of the Congo, Kenya, Rwanda, Somalia, South Sudan, Tanzania, or 144 

Uganda. For DHS/MICS, eligible studies quantitatively analysed individual- or household-level 145 

microdata, and every survey round contributing to the primary analysis had to be fielded in 2015 146 

or later. For DHIS2, eligible studies quantitatively analysed routinely collected health-service, 147 

surveillance, or programme data held, managed, synchronised, or aggregated in DHIS2, with at 148 

least one observation from 2015 onward. Data-quality studies were eligible. 149 

Searches were not restricted by language. At full-text eligibility, however, an official complete 150 

English methodological text was required for assessment; an English abstract alone was 151 

insufficient. Records without an official complete English full text were excluded as “full text 152 

not available in English”, and translation was not used to make a record eligible. 153 

Implementation-only papers, qualitative-only studies, reviews, protocols, non-separable mixed-154 

source analyses, aggregate-only DHS/MICS analyses, and duplicate or companion reports were 155 

excluded under a frozen hierarchical reason system. Analyses had to be single-country; multi-156 

country pooled analyses were excluded from the primary review, as specified in the frozen 157 

protocol. Methodological weakness was not itself an eligibility exclusion. If an article was 158 

otherwise eligible, incomplete reporting of a specific analytical feature was represented later in 159 

the A/M/I framework rather than used to remove the article. 160 

 161 



 

Search, deduplication, and screening 162 

 163 

Separate search families were used for DHS/MICS and DHIS2/RHIS. The final PubMed 164 

production run on 19 August 2026 comprised 18 queries and returned 603 PMIDs representing 165 

602 publications after one duplicate-index adjudication. Scopus production retrieval was 166 

performed through Publish or Perish 8.19.5300.9483 using 18 frozen RIS exports. These 167 

contained 848 raw records and 793 unique Scopus publications after exact-record deduplication. 168 

PubMed and Scopus shared 556 publication-level records, giving a primary bibliographic union 169 

of 839 publications. The bibliographic sources were prespecified as PubMed and Scopus, with 170 

the DHS Program journal-article database used as a mandatory supplementary discovery source 171 

for the survey arm. African Journals Online, Global Health and Web of Science were not 172 

searched; anchor-recall testing and supplementary discovery were used to audit the implemented 173 

strategy, but they do not establish complete literature capture. 174 

 175 

The prespecified DHS Program supplementary search identified 159 publication-level records, of 176 

which 68 were already in the primary union and 91 were additional. The final frozen candidate 177 

frame therefore contained 930 publications. Search queries, raw counts, export hashes, anchor 178 

checks, deduplication adjudications, and the candidate-frame SHA-256 are retained in the 179 

reproducibility record (Supplementary Table S7 in Additional file 1 and public search-audit 180 

companion files). Search-anchor checks were used as regression tests for known indexed records 181 

and were not interpreted as estimates of literature-search sensitivity. 182 

 183 

ASReview LAB 3.0.8 was used only to prioritize screening order. No model-based stopping rule 184 

or automatic eligibility decision was used, and all 930 records received a human title-abstract 185 



 

decision. Twenty-seven records remained title-only after metadata enrichment and were 186 

protected by a safeguard that prevented definitive exclusion without full-text assessment. A 187 

quality-control re-audit of the 93 initially excluded title-abstract records restored 24 to full-text 188 

review, leaving 69 final title-abstract exclusions and 861 records in the full-text frame. 189 

 190 

Full-text eligibility was protocol driven. At the independent-review gate, R1 and R2 assessed the 191 

820 records for which complete screening evidence was then available, and disagreements were 192 

adjudicated against the frozen eligibility rules and article evidence. The remaining 41 records 193 

were resolved after sufficient evidence became available. Final exclusion reasons were 194 

harmonised only after eligibility verdicts were locked, using the prespecified first-applicable 195 

hierarchy (Supplementary Table S2 in Additional file 1). No eligibility verdict was changed by 196 

reason harmonization. 197 

 198 

Finite publication frame and stratified probability sample 199 

 200 

The final identified eligible frame contained 466 publications: 377 DHS/MICS, comprising 370 201 

DHS and 7 MICS publications, and 89 DHIS2 publications. These 466 publications define the 202 

finite population for the primary review estimands. The estimands are conditional on the frozen 203 

search and eligibility frame and are not presented as superpopulation prevalences for all 204 

publications that might exist outside that frame. 205 

 206 

Because detailed coding of all 466 publications was not required by the prespecified precision 207 

target, we selected a stratified sample without replacement by data family and country. The 208 



 

frozen sample contained 80 DHS/MICS and 47 DHIS2 publications, total n=127. Allocation was 209 

near proportional with sparse-country protection. Selection was instantiated reproducibly within 210 

each stratum by ranking the SHA-256 value of the frozen seed, data family, country, and 211 

publication ID. Publication inclusion probabilities and inverse-probability sampling weights 212 

were retained (Supplementary Table S1 in Additional file 1). The planned worst-case arm-level 213 

95% confidence-interval half-widths at p=0.50 were approximately 9.7 percentage points for 214 

DHS/MICS and 10.0 percentage points for DHIS2. 215 

 216 

One originally selected Kenya DHS publication could not be completely coded because complete 217 

accessible article text was unavailable at the production-coding stage. The analysis dataset 218 

nevertheless contains 127 coded publications because the next deterministic record in the same 219 

stratum was used as a reserve; the inaccessible originally selected publication itself has no coded 220 

outcome. For the primary analysis, the Kenya DHS stratum retains the frozen N_h=64 and 221 

n_h=14 weighting as a coding-nonresponse adjustment. A sensitivity analysis instead treats the 222 

codeable frame as N_h=63 with n_h=14. No outcome was imputed for the inaccessible 223 

publication. 224 

 225 

Five pilot-exposed selected publications remained in the target population but were recoded de 226 

novo under the frozen production instrument. 227 

 228 

Coding framework and outcomes 229 

 230 



 

Each sampled article was coded across four linked domains: D1, data-generating structure; D2, 231 

inferential goal; D3, choice of method; and D4, reporting and interpretation. These domains were 232 

designed as a diagnostic chain from structure to target to method to interpretation. They were not 233 

treated as four statistically independent observations or as four interchangeable measurements of 234 

a single latent quality construct. 235 

 236 

Each applicable domain was classified as aligned (A), materially misaligned (M), insufficiently 237 

reported to determine alignment (I), or not applicable (NA). An M classification required a 238 

positively reported or demonstrated incompatibility capable of materially changing the target, 239 

estimate, uncertainty, or substantive interpretation. Silence or incomplete reporting was coded I 240 

rather than assumed to be error. 241 

 242 

Overall classification was rule based. An article was materially misaligned if any applicable core 243 

domain was M; fully aligned if all applicable domains were A; and indeterminate or partial if no 244 

domain was M but at least one applicable domain was I. No additive quality score was created. 245 

 246 

DHS/MICS-specific fields covered weights, clustering, stratification, analytic domains, variance 247 

estimation, multilevel alignment, and survey-design reporting. DHIS2-specific fields covered 248 

platform provenance, reporting completeness and timeliness, missing-versus-zero handling, 249 

numerator and denominator provenance, numerator-denominator alignment, implausible values, 250 

cleaning, temporal structure, and reporting-unit dependence. 251 

 252 



 

Twelve prespecified sentinel problems were coded only when applicable and observable. 253 

Confirmed adverse classifications required an evidence location and short factual basis. Sentinel 254 

prevalence was always interpreted relative to its applicable domain; small applicable 255 

denominators were not elevated into population-wide conclusions. 256 

 257 

Reviewers and reliability 258 

 259 

R1 coded all 127 sampled publications. R2 independently coded a frozen reliability subsample of 260 

26 publications, 16 DHS/MICS and 10 DHIS2, without access to R1 classifications. Reliability 261 

was calculated from preserved independent pre-adjudication classifications. Disagreements were 262 

then adjudicated before the final analysis dataset was frozen. 263 

 264 

Raw agreement, Cohen kappa, and Gwet AC1 [15] were reported separately for D1, D2, D3, D4, 265 

and the rule-based overall classification (Supplementary Table S3 in Additional file 1). No 266 

pooled D1-D4 kappa was used because the four domain judgments belong to the same 267 

publication and are not independent repeated observations. 268 

 269 

Statistical analysis 270 

 271 

Primary arm-level estimands were finite-population proportions among the 377 identified 272 

eligible DHS/MICS publications and 89 identified eligible DHIS2 publications. Estimates used 273 

the frozen stratified publication-sampling design, inverse inclusion-probability weights, and 274 

finite-population correction. Variance estimation used the survey package in R with the 275 



 

publication stratum as the sampling stratum. Proportion intervals used Taylor-linearized standard 276 

errors with t critical values based on design degrees of freedom and were bounded to [0,1]. 277 

Between-arm contrasts used independent-arm variance sums with Welch-Satterthwaite degrees 278 

of freedom. The primary lonely-stratum rule was survey.lonely.psu = "adjust"; alternative lonely-279 

stratum rules were examined as sensitivity analyses. 280 

 281 

Ninety-five per cent confidence intervals quantify uncertainty introduced by subsampling 282 

publications for detailed coding. They do not quantify uncertainty from incomplete literature 283 

discovery, eligibility misclassification, reviewer classification error, or a hypothetical 284 

superpopulation of future publications. 285 

 286 

The primary three-state outcome retained A, M, and I separately. Because M is an observed 287 

documented incompatibility and I is an observability state, M was not interpreted as the latent 288 

error probability among I publications. We also estimated the combined proportion not fully 289 

aligned, M+I, and descriptively decomposed that total into the share attributable to documented 290 

M versus insufficiently reported I. This composition analysis is an observability analysis, not a 291 

model for hidden error; the M/(M+I) decomposition is descriptive and is not assigned a separate 292 

null-hypothesis or equivalence test. 293 

 294 

For D1-D4, arm-specific state proportions were estimated separately. Six pairwise cross-295 

tabulations described how domain states co-occurred within publications (Supplementary Table 296 

S6 in Additional file 1). No chi-square test, pooled-domain variance calculation, or independence 297 

claim was made from those cross-tabs. 298 



 

 299 

For sentinel problems and other fields not applicable to all publications, prevalence was 300 

estimated within the applicable publication domain using a ratio of Horvitz-Thompson totals 301 

with Taylor linearization. Confirmed adverse and unclear states remained separate. Between-arm 302 

differences in primary proportions used the independent-arm variance sum. 303 

 304 

Sensitivity analyses compared weighted with unweighted estimates, excluded the five pilot-305 

exposed publications, estimated material misalignment among determinate articles only, 306 

combined M and I as not fully aligned, varied the lonely-stratum variance rule, and redefined the 307 

Kenya DHS codeable frame from 64 to 63 publications (Supplementary Table S5 in Additional 308 

file 1). All literature-review estimates and figures were generated in R 4.6.0 using survey 4.5 and 309 

version-controlled analysis code. 310 

 311 

Prespecified empirical illustration of inferential consequences 312 

 313 

A separate Rwanda module was used as an empirical illustration of inferential consequences, not 314 

as validation of the literature classifications. The scenarios were selected from review findings 315 

and frozen before numerical analysis of the 2025 Rwanda DHS microdata. The 2019-20 RDHS 316 

[16] was used as a benchmark and the 2025 RDHS [17] as the contemporary illustration. The 317 

official 2025 Final Report and survey metadata document a two-stage stratified design with 560 318 

selected clusters and 60 sampling strata [17]. 319 

 320 



 

For a weighted health-insurance prevalence and for an education-association logistic regression, 321 

we compared three analyses: a full design-based analysis incorporating sampling weights, 322 

clusters, and strata; an unweighted analysis treating records as independent; and a weights-only 323 

analysis that used the survey weights but omitted the cluster and stratum structure. The purpose 324 

was to quantify how much point estimates and standard errors changed under realistic 325 

simplifications. The module was not used to infer the correctness of any reviewed article and no 326 

threshold for a desirable effect size was specified after seeing the results. 327 

 328 

Reproducibility and research ethics 329 

 330 

Search logic, search execution manifests, export hashes, deduplication adjudications, candidate-331 

frame hashes, eligibility rules, sampling seeds, inclusion probabilities, coding dictionaries, 332 

derived review data, R source code, session information and generated outputs are version 333 

controlled. The private research repository retains operational audit material. A public 334 

reproducibility repository [18] contains release-safe code, derived data, metadata and figures; 335 

copyrighted full texts, licensed database exports and restricted DHS microdata are not 336 

redistributed. 337 

 338 

No new human-participant data were collected for the literature audit. The Rwanda empirical 339 

illustration used anonymised survey microdata obtained through authorised access from The 340 

DHS Program [19] under the applicable data-use conditions. 341 



 

Use of generative AI tools 342 

OpenAI ChatGPT (GPT-5.6 Sol) was used for code drafting, data checks, literature organisation 343 

and language editing. The authors reviewed and verified all outputs and made all screening, 344 

eligibility, coding and adjudication decisions. 345 

 346 

Results 347 

 348 

Search and study flow 349 

 350 

The frozen PubMed search contained 602 publication-level records and the deduplicated Scopus 351 

search contained 793. Their overlap was 556 publications, producing a primary bibliographic 352 

union of 839. The DHS Program supplementary search contributed 91 additional unique 353 

publications, giving 930 candidate records. 354 

 355 

After title-abstract quality control, 69 records were excluded before full-text review and 861 356 

entered the full-text frame. Full-text review excluded 395 and left 466 eligible publications. The 357 

largest full-text exclusion categories were wrong geography or multi-country primary analysis 358 

(n=163), use of DHS/MICS rounds before 2015 (n=139), wrong data family or source (n=28), 359 

and not being an original full research article (n=21). 360 

 361 

The eligible finite frame comprised 377 DHS/MICS publications and 89 DHIS2 publications. 362 

The detailed probability sample contained 80 DHS/MICS and 47 DHIS2 publications. The 363 



 

reliability subsample contained 26 publications. The identification and screening flow is shown 364 

in Supplementary Figure S2 (Additional file 2). 365 

 366 

Sampling diagnostics 367 

 368 

The final publication-sampling design remained close to proportional allocation. The coefficient 369 

of variation of the final weights was 0.046 for DHS/MICS and 0.114 for DHIS2, corresponding 370 

to unequal-weight design effects of 1.002 and 1.013. Weighted and unweighted primary point 371 

estimates differed by no more than 1.2 percentage points. 372 

 373 

Overall alignment and observability 374 

 375 

The estimated proportion of fully aligned publications had close point estimates: 38.7% in 376 

DHS/MICS (95% CI 29.1% to 48.3%) and 40.7% in DHIS2 (30.9% to 50.5%). The estimated 377 

difference, DHIS2 minus DHS/MICS, was 2.0 percentage points (95% CI -11.6 to 15.6). 378 

 379 

The complementary estimates of publications not fully aligned were 61.3% in DHS/MICS and 380 

59.3% in DHIS2. Their difference, DHIS2 minus DHS/MICS, was -2.0 percentage points (95% 381 

CI -15.6 to 11.6). That interval is compatible with non-trivial differences in either direction, so 382 

the primary totals are not interpreted as an equivalence result. The descriptive composition of 383 

non-full classifications showed a more marked contrast. In DHS/MICS, 17.3% of all eligible 384 

publications were positively documented as materially misaligned and 44.0% were indeterminate 385 

or partially reported. In DHIS2, the corresponding estimates were 39.2% and 20.1%. Table 1 386 



 

summarises these estimates, and Figure 1 shows the corresponding overall estimates with 95% 387 

confidence intervals. 388 

 389 

Table 1. Primary overall alignment estimates by data-source family. 390 

Source Overall state Raw n/N Weighted % 95% CI 

DHS/MICS Fully aligned 31/80 38.7 29.1 to 48.3 

DHS/MICS Materially misaligned 14/80 17.3 9.7 to 25.0 

DHS/MICS Indeterminate / partial 35/80 44.0 34.2 to 53.8 

DHIS2 Fully aligned 19/47 40.7 30.9 to 50.5 

DHIS2 Materially misaligned 19/47 39.2 30.0 to 48.4 

DHIS2 Indeterminate / partial 9/47 20.1 11.8 to 28.4 

 391 

Among publications classified as not fully aligned, documented M therefore accounted for an 392 

estimated 28.2% of the DHS/MICS total and 66.1% of the DHIS2 total; insufficiently reported I 393 

accounted for 71.8% and 33.9%, respectively. These quantities describe the observed 394 

composition of non-alignment and do not assign hidden error status to I publications. 395 

 396 

Core-domain pattern and domain coupling 397 

 398 

D2, inferential goal, was aligned in approximately 98% of both data-source families. The larger 399 

differences occurred in D1, D3, and D4. For DHS/MICS, D1 was aligned in 38.7%, materially 400 

misaligned in 15.1%, and insufficiently reported in 46.2%. D3 was aligned in 39.9%, materially 401 

misaligned in 17.3%, and insufficiently reported in 42.8%. 402 

 403 



 

For DHIS2, D1 was aligned in 58.0%, materially misaligned in 17.4% and insufficiently reported 404 

in 24.6%. D3 was aligned in 45.1%, materially misaligned in 39.2% and insufficiently reported 405 

in 15.7%. D4 was aligned in 95.3% of DHS/MICS publications, with 3.4% materially misaligned 406 

and 1.3% insufficiently reported. In DHIS2, D4 was aligned in 69.6% and materially misaligned 407 

in 30.4%. Table 2 summarises the domain-specific estimates, and Figure 2 shows the 408 

corresponding alignment-state distributions. 409 

 410 

Table 2. Core-domain alignment states by data-source family. 411 

Source Domain A: raw n (weighted %) M: raw n (weighted %) I: raw n (weighted %) 

DHS/MICS D1 31 (38.7%) 12 (15.1%) 37 (46.2%) 

DHS/MICS D2 78 (97.8%) 2 (2.2%) 0 (0.0%) 

DHS/MICS D3 32 (39.9%) 14 (17.3%) 34 (42.8%) 

DHS/MICS D4 76 (95.3%) 3 (3.4%) 1 (1.3%) 

DHIS2 D1 28 (58.0%) 8 (17.4%) 11 (24.6%) 

DHIS2 D2 46 (97.9%) 1 (2.1%) 0 (0.0%) 

DHIS2 D3 21 (45.1%) 19 (39.2%) 7 (15.7%) 

DHIS2 D4 32 (69.6%) 15 (30.4%) 0 (0.0%) 

 412 

Because D1-D4 are linked judgments within the same publication, domain-state cross-413 

tabulations were treated descriptively rather than as independent observations. The complete 414 

pairwise cross-tabs are reported in the supplement. 415 

 416 

Source-specific structural findings and sentinel problems 417 

 418 

For DHS/MICS, confirmed misuse of sampling weights was uncommon, estimated at 2.5%, but 419 

uncertainty about design handling was much more frequent. Survey variance handling was 420 



 

positively documented as inappropriate in 12.6% and remained unclear in 46.2%. Cluster or PSU 421 

handling was unclear in 58.8%, and stratification handling was unclear in 61.3%. Only 23.6% of 422 

DHS/MICS publications had survey-design reporting classified as sufficient. 423 

 424 

For DHIS2, reporting completeness was explicitly not considered in an estimated 6.5% of 425 

publications and remained unclear in 47.6%. Explicitly inappropriate missing-versus-zero 426 

handling was estimated at 4.5%. Among publications for which denominators were applicable, 427 

denominator provenance was insufficient in 15.0% and numerator-denominator alignment was 428 

not considered in 15.0%. Routine temporal structure was materially mishandled in 24.7% of 429 

applicable publications. 430 

 431 

Sentinel findings were retained as supporting diagnostics rather than ranked as a second primary 432 

outcome. In DHS/MICS, the broad complex-survey sentinel was present in 16.0% of applicable 433 

publications. In DHIS2, the broad routine-indicator data-quality or denominator sentinel was 434 

present in 33.8%, and reporting or interpretation overclaim was present in 30.4%. Full estimates 435 

for all 12 sentinels, including applicable denominators and unclear states, are reported in 436 

Supplementary Table S4 (Additional file 1); graphical prevalence estimates are shown in 437 

Supplementary Figure S1 (Additional file 3). Sentinels with very small applicable domains are 438 

not emphasised in the main text. 439 

 440 

Sensitivity analyses 441 

 442 



 

Weighting had little influence because allocation was close to proportional. The maximum 443 

absolute weighted-versus-unweighted difference among the primary A/M/I outcomes was 1.2 444 

percentage points. Excluding pilot-exposed publications changed each primary arm estimate by 445 

less than 2 percentage points; material misalignment was then estimated at 17.9% in DHS/MICS 446 

and 38.5% in DHIS2. 447 

 448 

Among publications with determinate overall classifications only, material misalignment was 449 

estimated at 30.9% in DHS/MICS (95% CI 18.5% to 43.3%) and 49.1% in DHIS2 (38.3% to 450 

59.8%). Alternative lonely-stratum rules affected uncertainty but not point estimates. The Kenya 451 

coding-nonresponse sensitivity is reported with the regenerated R outputs and is interpreted 452 

against the frozen-frame primary analysis. 453 

 454 

Inter-reviewer reliability 455 

 456 

Twenty-six publications were independently coded before adjudication. Agreement for the 457 

overall alignment classification was 84.6%, with Cohen kappa 0.733 and Gwet AC1 0.785. 458 

Domain-specific raw agreement was 80.8% for D1, 100% for D2, 80.8% for D3 and 92.3% for 459 

D4. Corresponding kappas were 0.654 for D1, not estimable for D2 because both reviewers 460 

classified all 26 publications as aligned, 0.669 for D3 and 0.469 for D4; corresponding AC1 461 

values were 0.735, not estimable, 0.732 and 0.917. The D4 contrast illustrates the effect of 462 

marginal imbalance on kappa. Among the 13 publications that both reviewers classified as not 463 

fully aligned, M-versus-I agreement was 84.6% (11/13), with kappa 0.435 and AC1 0.792. This 464 

small conditional subset is reported descriptively because the M-versus-I distinction is central to 465 



 

the paper. No pooled D1-D4 kappa was calculated or interpreted. Table 3 summarises the pre-466 

adjudication reliability results. 467 

Table 3. Pre-adjudication inter-reviewer reliability. 468 

Measure Agreement n/N Raw agreement Cohen κ Gwet AC1 

D1 21/26 80.8% 0.654 0.735 

D2 26/26 100.0% NE NE 

D3 21/26 80.8% 0.669 0.732 

D4 24/26 92.3% 0.469 0.917 

Overall 22/26 84.6% 0.733 0.785 

M vs I, jointly non-full 11/13 84.6% 0.435 0.792 

 469 

Prespecified empirical illustration of inferential consequences 470 

 471 

In the 2019-20 RDHS benchmark, the full-design estimate of health-insurance coverage was 472 

82.65%, with a standard error of 0.549 percentage points. Treating observations as independent 473 

produced a standard error only 56.2% as large as the full-design standard error, corresponding to 474 

a full-design versus simple-random-sample design effect (DEFF) of 3.16 and design factor 475 

(DEFT) of 1.78. The weights-only standard error was 61.5% as large as the full-design value; the 476 

corresponding full-design versus weights-only variance ratio was 2.65. 477 

 478 

In the 2025 RDHS, full-design health-insurance coverage was 87.43%, with a standard error of 479 

0.442 percentage points. The unweighted point estimate was 87.90%, 0.47 percentage points 480 

higher, and its standard error was only 61.8% as large as the full-design standard error, 481 

corresponding to DEFF 2.62 and DEFT 1.62. The weights-only analysis recovered the same 482 



 

prevalence point estimate as the full-design analysis but produced a standard error only 67.5% as 483 

large; the full-design versus weights-only variance ratio was 2.20. 484 

 485 

For the education association in 2025, the full-design odds ratio for higher versus no education 486 

was 6.33, compared with 8.34 in the unweighted analysis. Across the prespecified contrasts, 487 

simplification changed precision and effect magnitude but did not reverse an association or 488 

change whether the confidence interval included one. The empirical illustration therefore 489 

supports a narrow consequence claim: omitting design structure can materially overstate 490 

precision and can shift effect magnitude, even when broad substantive direction is unchanged. 491 

Figure 3 shows the corresponding standard-error ratios. 492 

 493 

Discussion 494 

 495 

The central methodological finding is not that one data source was worse than the other. In the 496 

prespecified probability-sample analysis, the proportions not fully aligned were close, 61.3% for 497 

DHS/MICS and 59.3% for DHIS2, but the DHIS2-minus-DHS/MICS difference was imprecisely 498 

estimated at -2.0 percentage points (95% CI -15.6 to 11.6). We therefore do not interpret the 499 

primary totals as evidence of equivalence. The more informative result was the observable 500 

composition of non-alignment: DHS/MICS publications more often lacked enough 501 

methodological information to establish alignment, whereas DHIS2 publications more often 502 

contained positively documented incompatibilities. Separating demonstrated incompatibility 503 

from insufficient observability is the main interpretive contribution of the A/M/I framework and 504 

avoids treating missing reporting as latent analytical error. 505 



 

 506 

 507 

 508 

The survey-side result extends, rather than replaces, earlier meta-research. Bell and colleagues 509 

documented incomplete reporting of design effects and sample weights in a large body of 510 

secondary health-survey analyses [2]. West, Sakshaug and Aurelien showed that analytic errors 511 

in secondary survey use can be common and consequential [3]. Our DHS/MICS findings are 512 

consistent with that literature, but the explicit I state changes the interpretation. If a publication 513 

reports use of a weight but does not identify whether clustering, strata, analytic domains or 514 

design-based variance entered the analysis, the published record does not establish correct 515 

handling. It also does not establish that the analysis was wrong. Separating M from I prevents 516 

both over-accusation and false reassurance. 517 

 518 

The DHIS2 pattern was different. World Health Organization routine-health-information 519 

guidance treats completeness, timeliness, internal consistency, denominator quality and 520 

interpretation as core components of analysis [6, 7]. Empirical assessments in Eastern and 521 

Southern Africa have documented outliers, temporal inconsistencies and implausible coverage 522 

values related to denominator problems [8]. Farnham and colleagues similarly described 523 

unreliable denominators, missing-versus-zero ambiguity and indicator heterogeneity as recurring 524 

hazards in DHIS2 analysis [9]. In our review, the higher M component in DHIS2 was 525 

concentrated in method choice and interpretation rather than in an inability to infer the research 526 

question itself. 527 

 528 



 

The D1-D4 framework should be interpreted as a diagnostic chain. D1 asks what structure 529 

generated the observations, D2 what quantity or inferential target the article seeks, D3 whether 530 

the method can estimate that target from that structure, and D4 whether the reported 531 

interpretation remains within what the analysis supports. These are coupled judgments by design. 532 

The paper therefore does not use pooled-domain kappa, independence tests across domains, or an 533 

additive quality score. Domain-specific reliability and within-publication cross-tabs are more 534 

coherent with the framework. 535 

 536 

The Rwanda module provides an empirical consequence check for one recurrent survey-side 537 

issue without pretending to validate the review classifications. The scenarios were selected from 538 

the review and frozen before the 2025 numerical outcomes were analysed. In the 2025 RDHS, 539 

the unweighted and weights-only analyses produced standard errors only 61.8% and 67.5% as 540 

large as the full-design standard error for health-insurance prevalence. The higher-education 541 

odds ratio shifted from 6.33 under the full design to 8.34 when analysed unweighted. These 542 

differences did not reverse the substantive direction, but they show why design reporting cannot 543 

be dismissed as cosmetic. The empirical module demonstrates consequence in an independent 544 

contemporary survey; it does not estimate how often the reviewed articles' conclusions would 545 

have changed. 546 

 547 

Methodological implications for analysis and reporting 548 

The findings support source-specific safeguards rather than a single generic quality rule. For 549 

DHS/MICS analyses, manuscripts should identify the survey weight, PSU or cluster variable, 550 

strata, analytic-domain handling where relevant and the variance-estimation approach. Multilevel 551 



 

modelling should not be presented as automatic evidence that survey design was accommodated. 552 

For DHIS2 analyses, provenance should be stated at the indicator and reporting-unit level, with 553 

explicit treatment of completeness, missing versus zero, numerator and denominator provenance, 554 

cleaning rules, temporal structure and reporting-unit dependence. When population incidence or 555 

coverage is claimed, the denominator should represent the target population at risk. These 556 

safeguards are practical implications of the observed failure modes and established source-557 

specific guidance, not a newly validated reporting checklist. 558 

 559 

Several features strengthen the study. The candidate-frame construction and search execution are 560 

auditable to query, export, hash, and deduplication level. The detailed review used a frozen 561 

probability sample rather than a convenience corpus, and the estimands are explicitly tied to the 562 

finite identified publication frame. The A/M/I rule separates demonstrated incompatibility from 563 

insufficient observability. The production coding instrument, sampling design, reliability subset, 564 

and primary analysis were frozen before the Rwanda consequence analysis. The numerical 565 

review results are generated in R from an analysis-ready dataset rather than transcribed 566 

manually. 567 

 568 

The study also has limitations. First, the primary finite frame is conditional on the implemented 569 

searches, supplementary discovery, deduplication, and eligibility process. It is an identified 570 

bibliographic frame, not a census of all EAC scholarship, particularly work outside the indexed 571 

and supplementary sources searched. The omission of African Journals Online, Global Health 572 

and Web of Science may have excluded eligible publications, and that discovery uncertainty is 573 

not represented by the publication-subsampling confidence intervals. The requirement for an 574 



 

official complete English full text at eligibility may also have excluded otherwise eligible studies 575 

and introduced language-selection bias. The confidence intervals quantify publication-576 

subsampling uncertainty within that frame; they do not quantify missed literature or justify 577 

inference to all possible future publications. Second, we evaluated what was reported in articles 578 

and accessible supplementary materials, not authors' private code or undocumented workflows. 579 

Some I classifications may therefore represent reporting omissions rather than incorrect analysis. 580 

Third, MICS contributed only seven eligible publications and two sampled publications, so it 581 

could not be analysed separately from DHS. Fourth, DHIS2 publications were heterogeneous in 582 

programme area, reporting unit, observation period, and target, and some sentinel applicable 583 

domains were small. Fifth, R1 coded the full detailed sample and R2 independently coded 584 

approximately one fifth; full duplicate coding might have reduced residual classification error. 585 

Chance-corrected reliability depended on the statistic and marginal distribution: D4 had 92.3% 586 

raw agreement, kappa 0.469 and AC1 0.917. The M-versus-I conditional check involved only 13 587 

jointly non-full publications, so its 84.6% agreement should be interpreted with corresponding 588 

small-sample caution. Sixth, one selected Kenya DHS publication was a coding-stage 589 

nonresponse and was replaced by the next deterministic same-stratum reserve. This is handled 590 

transparently with a frozen-frame primary analysis and a codeable-frame sensitivity analysis. 591 

Seventh, complete accessible full text was not available for every eligible publication outside the 592 

primary detailed-coding sample. No abstract-only methodological outcome was imputed for 593 

those records. Because the primary estimates derive from the frozen probability sample, this 594 

access limitation does not alter the prespecified primary estimands. Finally, the Rwanda module 595 

examined two prespecified analytic scenarios in one country. It illustrates inferential 596 



 

consequences and should not be generalized as a validation of every review classification or data 597 

source. 598 

 599 

Conclusion 600 

 601 

In this systematic methodological study, similar overall proportions of DHS/MICS and DHIS2 602 

publications were not fully aligned, but the composition differed: insufficient reporting 603 

predominated in DHS/MICS, whereas documented incompatibility contributed more in DHIS2. 604 

Methodological assessment should therefore distinguish demonstrated misalignment from 605 

insufficient observability and should evaluate the full chain from data-generating structure to 606 

estimand, method, uncertainty and interpretation. Source-specific reporting and analytical 607 

safeguards are needed for both complex survey and routine health information system analyses. 608 
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Figure legends 654 

Figure 1. Overall methodological alignment in the finite eligible publication frame. Design-655 

weighted estimates and 95% confidence intervals for fully aligned, materially misaligned and 656 

indeterminate or partially reported publications, shown separately for DHS/MICS and DHIS2. 657 

Open and filled plotting symbols distinguish the two data-source families; colour does not carry 658 

meaning. 659 



 

Alt text: Horizontal point estimates with confidence intervals compare three overall states for 660 

DHS/MICS and DHIS2. Fully aligned estimates are close, about 39% and 41%. DHS/MICS has 661 

a larger indeterminate share, about 44% versus 20%, while DHIS2 has a larger materially 662 

misaligned share, about 39% versus 17%. 663 

Figure 2. D1-D4 domain-state distributions by data-source family. Design-weighted estimates 664 

and 95% confidence intervals are shown for aligned, materially misaligned and indeterminate or 665 

partially reported states in D1 data structure, D2 inferential goal, D3 method and D4 reporting or 666 

interpretation. Open and filled symbols distinguish DHS/MICS and DHIS2. Domains are 667 

displayed separately because they are linked within publications and are not treated as 668 

independent repeated observations. 669 

Alt text: Four panels show A, M and I percentages for DHS/MICS and DHIS2. D2 is almost 670 

entirely aligned in both families. DHS/MICS has substantial insufficient reporting in D1 and D3. 671 

DHIS2 has more documented material misalignment in D3 and D4. 672 

Figure 3. Prespecified Rwanda empirical illustration of survey-design consequences. Standard-673 

error ratios for unweighted and weights-only analyses relative to the full survey design are 674 

shown for health-insurance prevalence and education-association coefficients in the 2019-20 and 675 

2025 RDHS. The reference value of 1 corresponds to the analysis incorporating sampling 676 

weights, clusters and strata. 677 

Alt text: Two panels show standard-error ratios for simplified analyses relative to the full survey 678 

design in the 2019-20 and 2025 Rwanda DHS. Open triangles denote unweighted analyses and 679 

open squares denote weights-only analyses. Values below 1 indicate narrower uncertainty under 680 

the simplified analysis. In 2025, unweighted and weights-only health-insurance prevalence 681 



 

standard errors are about 62% and 68% of the full-design standard error; the corresponding 682 

higher-education odds-ratio shift is reported in the text rather than plotted. 683 
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