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Background Previous studies have observed that haemoglobin concen-
trations can be affected by type of blood collection, analysis methods and 
device, and that near-in-time population-based surveys report substantially 
different anaemia prevalence. We investigated whether differences in mean 
haemoglobin or prevalence of anaemia between near-in-time surveys of the 
same population were associated with differences in type of blood collec-
tion or analytic approach to haemoglobin measurement.

Methods We systematically identified pairs of population-based surveys 
that measured haemoglobin in the same population of women of reproduc-
tive age (WRA) or preschool-aged children (PSC). Surveys were matched 
on geographic coverage, urban/rural place of residence, inclusion of preg-
nant women, time of data collection (within 18 months), and, to the ex-
tent feasible, age range. Differences in anaemia prevalence were presented 
graphically. Random-effects meta-analysis and meta-regression of differ-
ence in mean haemoglobin were carried out, with subgroups defined by 
comparison of type of blood collection and analytic approach within each 
survey pair.

Results We included 23 survey pairs from 17 countries for PSC and 17 
survey pairs from 11 countries for WRA. Meta-regression indicates that 
surveys measuring haemoglobin with HemoCue® Hb 301 found higher 
haemoglobin concentrations than near-in-time surveys using HemoCue® 
Hb 201+ in non-pregnant women ((NPW); 5.8 g/L (95% confidence inter-
val (CI) = 3.2-8.3) mean difference, n = 5 pairs) and PSC (4.3 g/L (1.4-7.2), 
n = 6). Surveys collecting venous blood found higher haemoglobin concen-
trations than near-in-time surveys collecting capillary blood in PSC (3.8 g/L 
(0.8-6.7), n = 8), but not NPW (0.5 g/L (-1.9-2.8), n = 9).

Conclusions Because this study is observational, differences in haemoglo-
bin concentrations in near-in-time surveys may be caused by other factors 
associated with choice of analytic approach or type of blood collected. The 
source or sources of differences should be clarified to improve use of sur-
veys to prioritize and evaluate public health programs.
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Anaemia is a public health problem in many countries, especially among vulnerable groups such as young 
children and women of reproductive age. During pregnancy, anaemia is associated with increased risk of ma-
ternal morbidity, mortality, and low birth weight [1]. Iron deficiency-associated anaemia in women has also 
been shown to adversely impact work productivity, cognition, and incidence of infection [2]. In children, low-
er haemoglobin concentrations are associated with delays in cognitive development [3].

In 2012, the World Health Assembly endorsed six global nutrition targets as part of the Comprehensive Im-
plementation Plan on Maternal, Infant and Young Child Nutrition. These targets included the reduction, by 
2025, of anaemia in women of reproductive age (15-49 years, WRA) by 50% [4]. While progress has been 
slower than required [5], countries have committed to intensify efforts to decrease all forms of malnutrition, 
including anaemia, through the UN Decade of Action on Nutrition [6]. Anaemia prevalence in WRA is also an 
indicator (indicator 2.2.3) of the Sustainable Development Goals [7].

The population prevalence of anaemia is often monitored in countries by measurement of haemoglobin con-
centrations as part of population-based household surveys. The most frequently-conducted representative sur-
veys that contain haemoglobin measurements are surveys collected under The Demographic and Health Survey 
Program (The DHS Program), which includes DHS surveys and Malaria Indicators Surveys (MIS). Haemoglo-
bin concentrations are also measured in other nutrition and health examination surveys.

There is increasing concern that methodological factors associated with haemoglobin measurement can influence 
the accuracy and precision of the results, and subsequently affect the estimated prevalence of anaemia [8-10]. Fac-
tors that may influence haemoglobin measurements include pre-analytical factors (e.g. type of blood collection, 
lancet type, or capillary blood drop) and the analytical methods and/or device for measuring blood haemoglobin. 
Errors in haemoglobin measurement could affect assessment of the public health classification of anaemia in coun-
tries [11], as well as inference about estimates and trends in anaemia, with important programmatic implications.

There have been numerous studies that examined the difference in the haemoglobin concentration from cap-
illary and venous samples in the same individuals using a consistent analytical approach (i.e. chemical meth-
od and type of device). Despite some contrary findings [12,13], the majority of studies have found that sin-
gle drop capillary blood samples yield lower mean haemoglobin concentrations compared to venous blood 
[8,11,14]. One study found higher haemoglobin in pooled capillary blood than in venous blood [15], and a 
systematic review from 2019 found higher haemoglobin concentrations in single-drop capillary blood samples 
compared to venous blood samples among studies that used the same analytical methods [14]. Other studies 
have compared haemoglobin results from different point-of-care devices frequently used by population-based 
surveys. Studies suggest that the HemoCue® Hb 301 produces higher haemoglobin concentrations compared 
to the HemoCue® Hb 201+ device [8,15,16].

Another study design, employed by Hruschka et al. [9] and the Strengthening Partnerships, Results, and In-
novations in Nutrition Globally (SPRING) project [10], compared the haemoglobin distribution and anaemia 
prevalence of near-in-time survey pairs to illustrate how methodological differences in haemoglobin measure-
ment could affect a country’s haemoglobin distribution and overall anaemia prevalence. Both studies found that 
haemoglobin concentrations were lower in surveys that used capillary blood samples and/or the HemoCue® 
Hb 201+ device, compared to surveys using venous samples and the HemoCue® Hb 301 device, respectively. 
However, neither study looked at these pre-analytical and analytical factors separately, and thus could not de-
termine the extent to which each factor may be associated with the differences in haemoglobin observed. Im-
portantly, both studies used data identified by convenience rather than by a systematic approach.

Our analysis takes a systematic approach to comparing haemoglobin and anaemia results from population-based 
surveys carried out by The DHS Program with other near-in-time population-representative surveys. Our study 
aimed to identify the extent to which mean haemoglobin concentrations and the prevalence of anaemia in pre-
school-aged children (PSC), non-pregnant women 15-49 years of age (NPW), and pregnant women (PW) are 
associated with 1) the type of blood collection (i.e. capillary or venous) used, 2) the analytical approach used 
for measuring haemoglobin (i.e. laboratory-based haematological method, HemoCue® device model); and 
3) the combined effect of the type of blood collection and analytical method of haemoglobin measurement.

METHODS
Methods are summarized below, and complete documentation following the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) [17] guidelines is in the Online Supplementary Document. 
We aimed to identify and access data for two populations, PSC and WRA, and do statistical analyses separate-
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ly for PSC, NPW and PW. However, we retained data on combined groups of WRA if disaggregated data were 
not available (details below).

Search strategy

Mean haemoglobin concentrations, anaemia prevalence and relevant data source characteristics (listed in Ta-
ble S1 in the Online Supplementary Document) were obtained on May 27, 2021 from the World Health 
Organization (WHO) Micronutrients database, part of the Vitamin and Mineral Nutrition Information System 
(VMNIS) [18]. The VMNIS Micronutrients database is updated via regular searches of 15 bibliographic data-
bases with no language restrictions, data provided by WHO Member States in response to country consulta-
tions, and ad hoc contributions of survey reports from WHO’s global network of national, international and 
academic colleagues (additional details in Appendix S1 in the Online Supplementary Document). In addition, 
we searched The DHS Program website on July 8, 2021, to identify published surveys that included anaemia 
testing but had not yet been included in the VMNIS Micronutrients database.

Eligibility criteria

We applied a set of eligibility criteria to the VMNIS Micronutrients database and The DHS Program website in 
order to create an initial data set for PSC and WRA (details in Appendix S1 in the Online Supplementary Doc-
ument). We considered data from population-based surveys that reported whether data were adjusted for alti-
tude if needed, and that were conducted after 1995 (Appendix S1 in the Online Supplementary Document).

Identification of near-in-time survey pairs

To identify near-in-time pairs of surveys, fieldwork midpoint was computed for each survey by averaging the 
fieldwork start and end year and month. We retained any survey pairs with a difference in fieldwork midpoint 
less than or equal to 18 months because 18-month changes in population mean haemoglobin during 2000-
2019 were estimated to be less than 1 g/l in all countries and populations (Appendix S1 and Figure S1 in the 
Online Supplementary Document).

Inclusion of near-in-time survey pairs

From these survey pairs, only pairs including one DHS or MIS survey (hereafter referred to as DHS) and one 
non-DHS were retained. This approach had the following advantages: 1) The DHS Program is the leading source 
of population-based haemoglobin data in the highest-anaemia burden countries, and as such, is the de facto 
control for all comparisons, 2) all data from continuous survey series that share common methods were ex-
cluded, and 3) one survey in each pair collected blood by capillary puncture and measured haemoglobin with 
a HemoCue® device (the DHS) while the non-DHS used a variety of blood collection and analytical methods 
and/or devices for measuring haemoglobin. In cases where a survey was conducted within 18 months of two 
other surveys, the closest near-in-time pair was retained to ensure that data from each survey was only utilized 
for a single near-in-time pair. Finally, we confirmed that both pairs were designed to be representative of the 
same geographic area (taking into account subnational representativeness of DHS).

Data harmonization and filling data gaps

For some data sources, including the publicly available surveys from The DHS Program, we obtained the 
de-identified individual-level microdata with haemoglobin measurements. In cases when the two surveys in 
a pair did not cover the same age ranges, pregnancy status, or varied in their representativeness (e.g. national 
vs subnational, national urban & rural combined vs national rural only, etc.), microdata were reanalysed to 
compute summary statistics that were comparable in terms of geographic coverage, urban/rural place of resi-
dence, age range, and pregnancy status with those reported for the near-in-time survey. If we obtained mean 
haemoglobin and/or prevalence of anaemia on all WRA but not on NPW, we included the data provided that 
we were able to match on inclusion of PW and on definition of anaemia. Finally, we ensured that if needed, 
both surveys in each pair were adjusted for altitude. We did not ensure that both surveys were adjusted for 
smoking given the smaller magnitude of that adjustment.

In some instances, the non-DHS survey report did not 1) report mean haemoglobin, 2) provide required mea-
sures of precision (e.g. 95% confidence intervals, standard deviation, standard error, design effects), 3) use a 
standard haemoglobin cut-off for anaemia [19], 4) specify the type of blood collected, or 5) specify the meth-
od of haemoglobin measurement, including model of the HemoCue® device used. To fill data gaps, we con-
tacted the principal investigators and requested missing information, and when necessary, for the microdata 
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to be re-analysed (Appendix S1 in the Online Supplementary Document). Our selection criteria and data 
harmonization reduced the risk of bias in our analysis (detailed assessment in Appendix S1 in the Online Sup-
plementary Document).

Effect measures

For each survey pair and demographic group, we computed the following measures: 1) difference in mean 
haemoglobin concentrations, 2) difference in prevalence of any anaemia (defined as haemoglobin <110 g/L in 
PSC and PW, and <120 g/L NPW), and 3) difference in prevalence of severe anaemia (defined as haemoglobin 
<70 g/L in PSC and PW, and <80 g/L NPW). Data and methods for computation of confidence intervals are de-
scribed in Appendix S1 in the Online Supplementary Document. All analyses were done separately for PSC 
and WRA. If disaggregated data were obtained, data on NPW and PW were analysed separately.

Classification of survey pairs

As specified in our protocol, survey pairs were classified by similarities or differences in type of blood collec-
tion and the analytical approach used for haemoglobin measurement. Since all DHS collected capillary blood, 
pairs were categorized by the type of blood collected by the non-DHS (capillary or venous). Pairs were also 
classified by the analytical approach used to measure haemoglobin, non-DHS vs DHS, as follows: laborato-
ry-based vs any HemoCue®, non-DHS HemoCue® model vs DHS HemoCue® model (if they differed), or same/
likely same HemoCue® model (details in Appendix S1 in the Online Supplementary Document). HemoCue® 
models were examined separately because the chemical approach used for measuring haemoglobin differed by 
model (details in Appendix S1 in the Online Supplementary Document).

Although we aimed to analyse data on PW separately from data on NPW, we were not able to obtain data dis-
aggregated by physiological status for two surveys, and obtained data on only 8 pairs, with small sample siz-
es, for PW (Table 1). Because around 95% of WRA in the affected countries and years were not pregnant, we 
grouped the WRA statistics together with the NPW statistics. We present results for PSC and for NPW (17 
pairs, including 2 pairs covering WRA; Table 1) in the main text, and summary findings for PW in Figure S2 
and Figure S4 in the Online Supplementary Document.

Statistical analysis

Quantitative meta-analysis of prevalence difference was not appropriate because difference in prevalence is ex-
pected to depend on underlying prevalence, which varied substantially in our data set. Therefore, rather than 
quantitatively synthesizing difference in prevalence of anaemia, the data were displayed graphically against 
prevalence estimated by the DHS.

Restricted maximum-likelihood random-effects meta-analyses of difference in mean haemoglobin were car-
ried out. We treated the DHS as the control group (since these surveys used capillary blood collection and a 
HemoCue® device) and the non-DHS to be the comparator group. Pre-specified sub-group analyses were car-
ried out on the basis of type of blood collection and by the analytical approach of haemoglobin measurement 
as described above. As the aforementioned sub-group analyses may each be confounded by the other factor, 
we performed two restricted maximum-likelihood random-effects meta-regressions, one for each population 
group, in an attempt to disentangle any effects associated with these factors. All statistical analyses were car-
ried out using Stata version 16.1.[20].

Ethical considerations

Following the procedures of WHO’s Ethics Review Committee, this protocol is exempt from ethical review as 
“Protocols are exempt from review when there is no possibility of harm arising as a result of the conduct of the 
research project, or if the information being evaluated is already in the public domain.”

RESULTS

Survey pairs

We included 23 survey pairs from 17 countries for PSC and 17 survey pairs from 11 countries for WRA (Fig-
ure S1 in the Online Supplementary Document, Table 1, data set available online at https://osf.io/g895r/). 
All survey pairs were from low- or middle-income countries, and data collection ranged from 1996 to 2018. 
All included statistics were matched on time of data collection (midpoint within 18 months), geographic cover-
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age, place of residence, anaemia definition (including altitude adjustment), and demographic group (including 
pregnancy status). We included two survey pairs – India 9 states 2004-2005 (WRA) and Peru 2004 (PSC) – 
where we were not able to match on age range because DHS covered a narrower age range than the non-DHS, 
and we were not able to reanalyse the non-DHS (Table 1).

The number of survey pairs included varied by analysis because we were not able to obtain mean haemoglobin, 
prevalence of total anaemia and prevalence of severe anaemia for all surveys. Considering all surveys included 
in any analysis, more than half of non-DHS used venous blood (11/17 for WRA, 13/23 for PSC). Regarding 
devices used, the majority of non-DHS (14/17 for WRA, 20/23 for PSC) and all DHS used a HemoCue® device. 
The non-DHS were more likely to use a HemoCue® Hb 301 than the DHS (5/17 for WRA, 7/23 for PSC vs 0/17 
for WRA, 1/23 for PSC). Four non-DHS used laboratory-based methods: the cyanmethemoglobin method was 
used by India’s 2004-05 survey in WRA and 2016-2018 surveys in PSC, and automated haematology analy-
sers were used by Jordan’s 2010 (Beckman Coulter) and 2002 surveys (COBAX ABX; Table S2 in the Online 
Supplementary Document, Table 1). As these surveys were few, methodologically heterogeneous and limited 
to two countries, comparisons of these survey pairs should be interpreted with caution.

Figure 1. Difference in prevalence of anaemia (percentage points) in near-in-time survey pairs, non-Demographic and Health Survey (DHS)
anaemia prevalence minus DHS anaemia prevalence. Panel A. Non-pregnant women/all women. Panel B. Preschool-aged children.

Anaemia prevalence

Across all surveys and demographic groups, the prevalence of anaemia ranged from 4.8% to 86.1% (medi-
an = 41.5%, interquartile range (IQR = 28.6%-56.9%, n = 95). Differences in the anaemia prevalence between 
47 near-in-time survey pair/demographic units (i.e. non-DHS anaemia prevalence minus DHS anaemia preva-
lence) ranged from -32.9 to 17.7 percentage points (pp), with a median of -8.3 (IQR = -17.6,3.8) pp. We plot-
ted differences in anaemia prevalence against prevalence of anaemia in the DHS because the difference in prev-
alence is expected to be related to underlying prevalence, with smaller differences in countries with very high 
or very low prevalence of anaemia (Figure 1, Figure S3 in the Online Supplementary Document). For all 
identified survey pairs where the non-DHS used HemoCue® Hb 301 and the DHS used HemoCue® Hb 201+, 
the estimated prevalence of anaemia was lower in the non-DHS survey regardless of type of blood collection 
(Figure 1, Table S3 in the Online Supplementary Document; median difference of -15.3 pp for NPW (n = 5) 
and -22.2 pp for PSC (n = 6)). In contrast, non-DHS measuring haemoglobin with the same or likely the same 
HemoCue® reported higher and lower prevalence than their near-in-time DHS (Figure 1). For PSC, surveys 
collecting venous blood also consistently reported lower prevalence of anaemia than the near-in-time DHS that 
collected capillary blood regardless of analytical approach used (median difference -16.9 pp, IQR =-20.3, -10.3 
pp; n = 13; Table S3 in the Online Supplementary Document). In contrast, non-DHS collecting venous blood 
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in women reported both higher and lower prevalence of anaemia than their near-in-time DHS, with a median 
difference of -2.4 pp (IQR = -8.5,4.6 pp, n = 10).

The public health significance of anaemia in a population is based on the prevalence of anaemia [21]. In 5 of 
16 (NPW) and 9 of 23 (PSC) near-in-time survey pairs, the classification differed between the two surveys in 
the pair (Figure S2 in the Online Supplementary Document). The most-common discordant classification 
observed (NPW, n = 6; PSC, n = 3) was a DHS survey indicating a “severe” public health significance and the 
corresponding non-DHS survey indicating a “moderate” public health significance.

Mean haemoglobin

Women 15-49 years

Across 30 included surveys covering NPW or all WRA, mean haemoglobin ranged from 107 to 140 g/L (me-
dian = 125, IQR = 121-128). The difference between 13 near-in-time survey pairs (non-DHS less DHS) ranged 
from -8 to 7 g/L, with a median of 0 (IQR = -2,3) g/L.

Random-effects meta-analysis showed that the difference in mean haemoglobin (non-DHS less DHS) was not 
statistically different from zero when considering all studies pooled together or when grouping by type of 
blood collection in the non-DHS (Figure 2). However, subgroup analysis by analytical approach (Figure 3) 
showed that non-DHS using HemoCue® Hb 301 tend to report higher mean haemoglobin than near-in-time 
DHS using HemoCue® Hb 201+, with a pooled mean difference of 5.2 (95% CI = 3.5-6.9) g/L (n = 5; P < 0.001), 
while those using the same or likely the same HemoCue® model reported similar mean haemoglobin (pooled 
mean difference of -0.6 (-1.5,0.3) g/L; P = 0.21). As noted above, the small number of non-DHS using labora-
tory-based methods led to wide confidence intervals in the subgroup analysis (Figure 3).
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Figure 2. Difference in mean haemoglobin in near-in-time survey pairs, non-Demographic and Health Survey (DHS) anaemia prevalence
minus DHS anaemia prevalence, grouped by type of blood collected in the non-DHS. Panel A. Non-pregnant women/all women. Panel 
B. Preschool-aged children. Notes: 1. Peru 2004-05 non-DHS and 2004-2006 DHS data include pregnant women. All other data are for
non-pregnant women. 2. All DHS program surveys collected capillary blood.

Each of the comparisons above might have been confounded by the other factor, for example, if there are sys-
tematic differences associated with type of blood collection and with analytical approach, and the two fac-
tors are correlated. Sub-group analysis considering all possible interactions of type of blood collection and 
analytical approach resulted in 1-4 survey pairs per group (Figure S4 in the Online Supplementary Docu-
ment), but was consistent with the analyses in Figure 2 and Figure 3. Meta-regression was similarly limited 
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by the small number of survey pairs included (n = 13). However, it indicated that, on average, non-DHS using 
HemoCue® Hb 301 report higher mean haemoglobin (coefficient of 5.8 (3.2-8.3) g/L) than near-in-time DHS 
using HemoCue® Hb 201+ (Table 2). The meta-regression also found no difference between surveys collect-
ing venous or capillary blood (coefficient of 0.5 (-1.9,2.8) g/L). Differences in mean haemoglobin in pregnant 
women showed similar patterns by type of blood collection and analytical approach as well (Figure S4 in the 
Online Supplementary Document).
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Figure 3. Difference in mean haemoglobin in near-in-time survey pairs, non-Demographic and Health Survey (DHS) anaemia prevalence mi-
nus DHS anaemia prevalence, grouped by concordance/discordance of analytic approach used to measure haemoglobin concentration. Pan-
el A. Non-pregnant women/all women. Panel B. Preschool-aged children. Note: Peru 2004-05 non-DHS and 2004-2006 DHS data include 
pregnant women. All other data are for non-pregnant women.

Table 2. Fitted coefficients from random effects meta-regression of the difference in mean hemoglobin (g/L), non-DHS sur-
vey less DHS survey, in each survey pair. Two regressions were fitted, one for non-pregnant women or all women of re-
productive age, and one for preschool-aged children. Indicator variables were included when the type of blood collection 
or analytic approach used by the non-DHS survey differed from that of its near-in-time DHS survey. The intercept cor-
responds to the difference in mean haemoglobin when both surveys collected blood via capillary puncture and analyzed 
haemoglobin using the same HemoCue® model (either confirmed or suspected).

Differing survey method (indicator variables) Number of 
survey pairs

Fitted regression coefficient 
and 95% CI (g/L) P-value

Non-pregnant women/women (n=13 study pairs)

Venipuncture (non-DHS) vs. capillary puncture (DHS) 9 0.5 (-1.9, 2.8) 0.708

HemoCue® Hb 301 (non-DHS) vs. HemoCue® Hb 201+ (DHS) 5 5.8 (3.2, 8.3) <0.001

Laboratory-based methods (non-DHS) vs. any HemoCue® (DHS) 3 -4.6 (-7.5, -1.8) 0.001

Intercept -0.8 (-3.5, 1.8) 0.536

Preschool-aged children (n=17)

Venipuncture (non-DHS) vs. capillary puncture (DHS) 8 3.8 (0.8, 6.7) 0.012

HemoCue® Hb 301 (non-DHS) vs. HemoCue® Hb 201+ (DHS) 6 4.3 (1.4, 7.2) 0.004

Laboratory-based methods (non-DHS) vs. any HemoCue® (DHS) 2 -4.2 (-8.8, 0.4) 0.075

Intercept 2.1 (0.0, 4.2) 0.053
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Preschool-aged children

Across 40 included surveys covering PSC and reporting mean haemoglobin, the mean haemoglobin concen-
tration ranged from 91 to 122 g/L (median = 106, IQR = 99-114). Difference between 17 near-in-time survey 
pairs (non-DHS less DHS) ranged from -4 to 11 g/L, with a median of 5 (IQR = 2-8) g/L.

Pooling the mean differences from 17 included survey pairs by random-effects meta-analysis, non-DHS mean 
haemoglobin was 4.8 (2.9-6.8) g/L higher than DHS (P < 0.001). Single-factor sub-group analysis by type of 
blood collection in the non-DHS did not explain this difference (Figure 2; test of group differences Qb(1) = 2.25, 
P = 0.13). Sub-group analysis by analytic device indicated that the mean difference may be larger when the non-
DHS uses the HemoCue® Hb 301 (8.2 (6.5-9.9) g/L, P < 0.001) vs when the same HemoCue® model is used 
(3.3 (0.6-6.0) g/L, P = 0.02; test of group differences Qb(1) = 32.75, P < 0.001; Figure 3).

As with the analysis of mean differences in haemoglobin for NPW, the single-factor comparisons presented in 
Figure 2 and Figure 3 may each be confounded by the other factor. Sub-group analysis considering all pos-
sible combinations of type of blood collection and analytic method /device are shown in Figure S4 in the On-
line Supplementary Document. Considering only survey pairs where both surveys collected capillary blood 
and were confirmed/likely to use the same HemoCue® model for analysis of haemoglobin, the difference in 
mean haemoglobin (non-DHS less DHS) was not significantly different from zero (1.6 (-1.3,4.6) g/L, P = 0.29, 
n = 6). Other sub-groups were consistent with higher mean haemoglobin measured in the non-DHS, with two 
to three survey pairs in each group. Assuming that there is no statistical interaction between effects associated 
with type of blood collection and analytical approach, meta-regression may clarify these effects (Table 2). For 
the comparison of the device for haemoglobin measurement, meta-regression coefficients for PSC were simi-
lar to coefficients for NPW: non-DHS using HemoCue® Hb 301 was associated with a mean haemoglobin 4.3 
(1.4-7.2) g/L higher than its near-in-time DHS (P = 0.004), and results for laboratory-based methods were sim-
ilar to those for NPW (Table 2). However, unlike for NPW, non-DHS collecting venous blood reported mean 
haemoglobin 3.8 (0.8-6.7) g/L higher than their near-in-time DHS (P = 0.012).

DISCUSSION
Our study compares near-in-time population-representative surveys to determine whether type of blood col-
lection or analytic approach is associated with results of haemoglobin measurements collected under typical 
field conditions. We found that haemoglobin concentrations were associated with haemoglobin measurement 
device in both PSC and NPW, with mean haemoglobin concentrations around 4 - 6 g/L higher in non-DHS 
using the HemoCue® Hb 301 device compared to the near-in-time DHS using HemoCue® Hb 201+. In PSC 
only, surveys collecting capillary blood reported lower mean haemoglobin concentrations than near-in-time 
surveys collecting venous blood.

Both in PSC and NPW, the differences in haemoglobin concentrations in near-in-time survey pairs produced 
sizable differences in anaemia prevalence that, in many instances, altered the “public health significance” clas-
sification [19]. The differences in anaemia prevalence and public health classification found in near-in-time 
survey pairs creates a challenging situation for public health officials and researchers, as the burden of anae-
mia at the population level is used to set public health priorities [22,23] and guide the choice of public health 
interventions implemented [24,25].

Our analysis of near-in-time surveys included 4 of 5 survey pairs described in previous studies that compared 
near-in-time survey pairs identified by convenience [9,10]. Hrushka et al. [9] included a survey pair from 
Cameroon (2011 DHS and 2009 non-DHS), which we excluded because the fieldwork midpoint difference 
was greater than 18 months.

Differences by type of blood collection

Our study found that mean haemoglobin concentrations were higher in non-DHS using venous samples com-
pared to their DHS counterpart that used capillary samples in PSC (by around 4 g/l) but not NPW. Other stud-
ies that collected both venous and capillary blood samples from the same children in field settings have found 
similar results using both the HemoCue® Hb 301 device [11,26] and HemoCue® 201+ [27] devices. However, 
some studies have found higher haemoglobin levels from capillary samples in children [13,14,28] using the 
HemoCue® B device.

The lack of association we found between type of blood collection and mean haemoglobin concentration in 
NPW is reflected in the literature as there is no consistent bias in haemoglobin concentration associated with 
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capillary vs venous blood in women [14,16,28,29]. Some studies note that capillary drop-to-drop variability in 
haemoglobin measurement is higher than for pooled capillary or venous blood samples [30]. Higher variabil-
ity can bias estimates of the population prevalence anaemia even when mean haemoglobin is unbiased, with 
the prevalence estimates being more affected when the haemoglobin threshold is further from the population 
mean. Out of six surveys where the non-DHS survey collected venous blood from NPW and used the same 
or likely the same HemoCue model, there was no systematic difference in prevalence of anaemia. However, 
mean haemoglobin in these surveys was near the cutoff for anaemia (ranging from 4 g/l below to 9 g/l above), 
limiting any effect of possible higher variability in capillary single drop haemoglobin.

The differing associations between haemoglobin concentration and type of blood collection in PSC vs NPW in 
our study may be because collecting capillary blood samples from children is more challenging than collecting 
samples from women or adults. PSC have smaller fingers and may not wish to provide a blood sample, and 
thus, “issues” encountered when collecting a capillary sample may compromise the haemoglobin results [31]. 
Lower haemoglobin concentrations in capillary samples may be attributable to sample dilution from interstitial 
fluid stemming from finger “milking” [32], shallow lancet punctures which do not yield sufficient blood flow, 
or cuvettes containing air bubbles: these situations are all more likely to occur when a child is uncooperative. 
A recent study found poorer correlations between venous and capillary samples in children (1-9 years) com-
pared to adolescents (10-19 years) [27], perhaps indicating that collecting capillary blood samples in younger 
children was more challenging and more error prone.

Our study did not distinguish results by the blood drop (i.e. 2nd vs 4th) used when capillary blood was mea-
sured, which have been shown to affect haemoglobin concentrations [16,33,34]. This decision was made be-
cause, despite some documentation on blood drop noted in reports, the blood drop used in the field could 
not be verified. Our analysis did include at least two non-DHS surveys that measured haemoglobin concentra-
tions from pooled capillary blood (see Online Supplementary Material), which has been observed in small 
studies to contain higher quantities of haemoglobin than single-drop capillary samples [35]. Several studies 
are currently exploring the extent to which capillary single drop and pooled capillary blood result in different 
haemoglobin values [36].

Differences by analytical method

In both PSC and NPW, our study found that mean haemoglobin reported by surveys using HemoCue® Hb 301 
devices were consistently higher – by approximately 4 to 6 g/L – than mean haemoglobin reported by surveys 
using the HemoCue® 201+ device. Other studies have also found differences in mean haemoglobin measured 
by these devices on the same blood samples from the same individual collected at the same time. When exam-
ining the haemoglobin results from multiple comparison studies, Rappaport et al. [8] found that haemoglobin 
concentrations in venous blood from the HemoCue® Hb 301 were generally higher than an automated haema-
tology analyser used as a reference. Similarly, two studies found that, on average, the haemoglobin measure-
ments from the HemoCue® Hb 301 were 3.4 g/L [16] and 2.6 g/L [15] higher than the HemoCue® Hb 201+. 
Whitehead et al. [16] also tested the delayed reading of haemoglobin concentrations in both the HemoCue® 
Hb 201+ and 301 devices, and found a positive association between haemoglobin concentration and increased 
reading time (i.e. time between aspirating the sample into the Hemocuvette and the reading taken on the de-
vice) only in the HemoCue® Hb 301 device. While our study did not have data on the time between sample 
collection and measurement for surveys using the HemoCue® 301, it is plausible that higher haemoglobin con-
centrations we found in surveys using the 301 device in field conditions were at least partially due to measure-
ments taken after the manufacturer’s recommended time lag (i.e. <40 seconds).

Strengths and limitations

The key strength of our study is that it compares the results of population-based surveys that were chosen sys-
tematically. Comparing results from population-based surveys enabled us to observe the differing haemoglobin 
concentrations and resulting anaemia prevalences when blood samples were collected under typical field condi-
tions. Moreover, anaemia prevalences obtained from population-based surveys are frequently used when designing 
national nutrition policies and programs. Furthermore, the comparison of DHS with non-DHS enabled our study 
to observe the potential influence of differing methods on national-level haemoglobin and anaemia findings, and 
the differences between standardized DHS compared to bespoke non-DHS – typically national nutrition surveys.

As the majority of population-representative data on anaemia in highest-burden countries is produced by The 
DHS Program, our characterization of the DHS as the de facto control was apt. However, an important limita-
tion of our study is the lack of a gold standard comparator to identify the most precise and accurate combina-
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tion of type of blood collection and analytical approaches used in population-based surveys. In addition, be-
cause our design is observational, all effects associated with blood collection type or analytical approach could 
be caused by some other factor associated with these methodological choices, such as the survey design, lancet 
type, pooled vs single drop capillary blood collection, or season of data collection. Seasonality, in particular, 
has been shown to affect the prevalence of anaemia, particularly in malaria-endemic areas where rainy seasons 
increase the rates of malaria transmission [37]. Similar to other studies [9,10], we did not attempt to account 
for seasonality in the malaria endemic countries included in our study because timing of malaria season varies 
geographically (including sub-nationally) and from one year to another [38]. Our study was also limited by 
the relatively small number of near-in-time pairs identified. This was further compounded by our inability to 
obtain mean haemoglobin and its precision for all included surveys, despite our outreach to survey leads, and 
resulted in small sample size for comparisons based both on type of blood collection and analytical approach. 
Our study identified near-in-time pairs from a 21-year time period, which maximized the number of pairs in-
cluded in the analysis. This long time period introduced a limitation, as older surveys utilized the HemoCue® 
B, which is no longer available on the market. While the inclusion of surveys using the HemoCue® B could be 
considered a limitation, it is noteworthy that the HemoCue® B and 201+ devices use the same reagents and 
cuvette volume [39,40].

CONCLUSIONS
Our study adds to the growing body of literature that finds differences in haemoglobin measurements and 
anaemia prevalence associated with pre-analytic and analytic methods when measuring haemoglobin concen-
tration. Future research is needed to confirm the associations found in our study, so that policy-makers can 
confidently monitor haemoglobin and anaemia prevalence in populations.
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